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a increase in popularity 


NICKEL SILVERS are a group of lustrous copper-base 
alloys whose colors range from light pink to silvery 
white, depending on composition. 

Their impressive beauty and moderate cost... 
and the fact that they can be readily cast and worked 
by ordinary methods...contribute to their great 
popularity. 

Essentially copper-nickel-zine alloys, their 
strength and corrosion-resistance in most cases 2x- 
ceed those of the corresponding brasses and 
bronzes, depending on nickel content. 


MANY DIFFERENT TYPES 


Nickel silver alloys may be: (1) hot-worked, (2) 
cold-worked and (3) cast. 


The wrought forms are available as rods, wire, 
sheets, and tubes in many degrees of temper rang- 
ing from the soft types for drawing, spinning and 
forming, to the very hard required for flat or coiled 
springs. 

In the harder tempers, nickel silvers develop 
relatively high tensile strength. For example, they 
reach approximately 145,000 p.s.i. in spring wire .. 
obviously, an excellent material for small parts sub- 
ject to considerable stress. Moreover, wrought 
nickel silvers are furnished in various ranges of 
grain size, from “fine” for polishing and etching, to 
“large” for forging and coining. Die cast and ex- 
truded shapes are also available. 


ECONOMICAL TO FABRICATE 


Nickel silvers promote economy and speed in fab- 
ricating all sorts of products. Applications include 
tableware, hollow ware, springs, keys, slide fast- 
eners, weather stripping and parts for radios, 
television, telephones, typewriters, musical instru- 
ments, cameras, optical goods, fishing tackle and 
thousands of other articles. 


CAST NICKEL SiL VERS may be matched in color with 


THE INTERNATIONAL NICKEL COMPANY, INC. 


the wrought forms. They are also complementary to 
chromium-nickel stainless steels and Monel® 


Nickel silver castings containing 20 per cent 
nickel are silvery white all the way through and 
exhibit the following properties: 


Lo Roo Ro PIPPPDPTEETTTETETLT 40-60,000 ps 
Wee PN Ca TO e PTEE TETTE T 20-32,000 p.s 
E a a a EAEN 15-25° 
MENU a a a a i aa a aA 15-30° 
Coefficient of Expansion........... 0,0000091 per degree F 
MUN NEN. Loccresh (4e rr uio) ER RERCRCRCIR 8.70-8.90 
VIS QUE. o2» *4943 7 x 22d 540-550 Ib: 
Brinell Hardness........ .75-100 (1000 kg. load 
Shrinkage (inches per foot! . RET ATTI ITI 3/16 


Machinability. . . .Readily machined by all methods 


The cast forms are nib used by architects, 
decorators and builders, and extensively in hard. 
ware, packaging machinery, bottlin$ machinery, 
dairy equipment and plumbing goods. Centrifugall) 
cast cylinders and leaded bearings are also available 


COUNSEL AND DATA 


Nickel silvers, wrought or cast, offer opportunities 
to increase product acceptance...and at the same 


time ...to improve quality and cut costs. 


The many standard grades of nickel silvers per- 
mit selecting one with the best set of properties for 
any reasonable fabrication and service demands 
We shall be glad to furnish you with counsel and 
data on these versatile alloys 
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Over the years, International Nickel has accumulated a f 
useful information on the properties, treatment, fabricati: 
performance of engineering alloy steels, stainless steels, cast 
brasses, bronzes, nickel silver, cupro-nickel and other allo: 
taining nickel. This information is yours for the asking 
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Elkonite* Contacts 


Elkonite is the trade name for a 
series of contact materials developed 
by Mallory and manufactured from 
metal powders. They are best known 
for their hardness, resistance to me- 
chanical wear and impact, resistance 
to erosion by arcing, and resistance 
to sticking. 


Elkonite contacts are made by the 
only method which permits the com- 
bining of the desirable features of 
basic metals which cannot be alloyed. 
By this means, the high melting points 
of tungsten, molybdenum, or their 
carbides, can be combined with the 
current-carrying ability of silver 
and copper. 
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Mallory Contact Know-How 
Lowers 
Customer Production Costs ! 


Mallory digs deep for details when a customer presents a new 
con.act application...and frequently the search leads to 


savings far beyond the specific contact problem. 


Such was the case with a manufacturer of electric power 
transmission equipment who was designing a new product. 
As a by-product of Mallory’s study of the contact application, 
the customer’s engineers were able to recommend certain 
modifications in the basie construction of the equipment. As 
a result of these findings, the customer completely redesigned 
his product . . . and production costs were reduced by approxi- 
mately $100 per unit. 


That’s value beyond specifications! 


Mallory contact know-how is at your disposal. What Mallory 
has done for others can be done for you! 


In Canada, made and sold by Johnson Matthey & Mallory, Ltd., 110 Industry St.. Toronto 15. 0r 


Electrical Contacts and Contact Assemblies 


Reg. U. S. Pat. Of 


P.R. MALLORY & CO. Inc. 


MALLOR 


P. R. MALLORY & CO., Inc., 








SERVING INDUSTRY WITH 


| Capacitors Contacts 
Controls Resistors 
Rectifiers Vibrators 
Special Power 
Switches Supplies 


Resistance Welding Materials 


INDIANAPOLIS 6, INDIANA 
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Metallic Materials 


SUBSTITUTION of magnesium for aluminum 
alloys in a jet fighter wing resulted in several 
design improvements -- 31 percent fewer parts, 
38 percent less fastenings. Skin thickness is 
0.375 in. instead of 0.051 in., making it 
possible for the skin to carry two-thirds of the 
bending loads or twice as much as sustained 
by the aluminum assembly. 


ACCELERATED OXIDATION of high tempera- 
ture steels is one of the bugaboos that jet 
engine designers must overcome. 
Low oxides of Va, Bi, Mo, W and 
Pb contaminate the original oxide 
phase, causing disintegration of 
parts in a matter of hours. By 
minimizing contamination and 
adjusting alloy composition, researchers have 
been able to lick this difficult problem. 





SO MUCH COLUMBIUM has been allocated for 
use in turbine blade materials that stainless 
steel producers didn't have enough for making 
types such as AISI 347. Equal parts of 
titanium and columbium proved a satisfactory 
substitute, while titanium alone filled the bill 
in all instances except specific corrosive 
applications. 


ALLOWABLE DESIGN STRESSES in non-fer- 
rous metals used ia equipment subject to the 
ASME boiler code are now limited to the lowest 
of the following values: a quartec of the ten- 
sile strength, two-thirds of the yield strength, 
80 percent of the stress-rupture and 100 per- 
cent of the creep rate based on not more than 
0,1 unit creep rate. 


EXTENSIVE TESTS indicate that molybdenum 
can be formed, machined, joined and finished 
by conventional methods; only stipulation is 
that fabrication temperatures must not fall 
below 70 F. The high-strength and modulus-of- 
elasticity properties of molybdenum can thus 
by capitalized in high temperature (above 
1,900 F) applications. 
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In this summary of technical developments, space restrictions do aot 
allow giving complete details. Further information relating to any 
item can be obtained by writing to the Editor of Product Engineering. 


AN ALUMINUN RACE cuts the bearing costs 
of a television antenna rotator mechanism. 
Bearing consists of a steel band 
around hardened, ground steel 
balls that ride in the die cast 
aluminum race. Less weight and 
improved corrosion resistance are 
additional benefits of this design. 





MODIFIED FERRITE is reported to have a 
permeability about ten times that of the best 
powdered iron alloys. Material is already ia 
use as a built-in magnetic anteana system that 
replaces a wire loop. Low energy loss charac- 
teristic makes the alloy ideal for transformers 
and deflection yokes. 


Nonmetallic Materials 


BETTER SYNTHETIC RUBBER can be made 
if waste from spruce paper mills is usedin com- 
pounding. New chemical is PADMS, short for 
para alpha dimethyl styrene. Experimental tires 
made of the modified composition perform just 
as well as do standard GR-S assemblies. 


FLAME-RETARDANT INSULATION does not 
burn after a flame has been removed or drip 
when molten. Electrical characteristics are 
comparable to those of polyethylene. Plastic 
is non-tracking, has excellent low-temperature 
and good mechanical properties; can be 
extruded over wire or injection molded. 


WATER DISPERSIBLE buffing and coloring 
composition for all non-ferrous metals except 


nickel is particularly effective for deeply 
filigreed surfaces. Post-buffing 

e cleaning is no problem, just pass 

> -A buffed part through an aqueous 

¢ . solution of a mild alkaline clean- 
ap E. er to get the coloring matter out 


of the recesses. 


SMUDGE-PROOF LABELING TAPE resists 
water, oil and acids at temperatures up to 150 


F. Blue- or black-edged strips 5/8 or 3/4 in. 
Continued on Page 7 
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Cone-Drive Gears and speed reducers offer SUPE 
a remarkably simple and effective reducing resist 
formula for cutting the size, weight and cost of ceram 
power transmitting drives. oxide 
The ingredient that does the trick is "double- CA 
enveloping gearing"—the exclusive Cone- sies 
Drive construction that gives you more contact any s 
per tooth, more teeth in contact and greater of +0. 
load carrying capacity for any given size. 
The exact savings—in inches, lbs. and 
dollars—depend of course on the individual 
installation. Here are three typical examples: SOLV 
Right above—Whiting model BW four-screw two-motor be z 


Drop Table; hoisting capacity 125 tons. Normally 10-inch 
center distance speed reducers would be required to 
handle this load. With Cone-Drive, Whiting gets all the 
load capacity it needs plus ample reserve using only 6 inch 
center distance units. 


S 


Right center—This fan-cooled Cone-Drive handles 514 hp 
at 870 rpm, Class I service (continuous load). Comparing 
it with non-Cone-Drive reducers for the same load 
reveals a saving of $95 to $257, depending on whether you 












pick an 8" fan-cooled or a 10" non-fan-cooled reducer STUD: 

to do the job. velde« 

Right below—The manufacturers of automatic tumbling stored 

and cleaning equipment for castings and forgings are tip the 

quite frank as to why they use Cone-Drive Gears to oper- arc is 

ate drives to their mills and loaders. ". . . they conserve Forma 
space, give us freedom from service de; 

troubles and SAVE US MONEY." "WP 
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sheet with a carbon identifying preparation 
sealed in between. 


UNIFORM WRINKLE PATTERNS can be pro- 
duced with a coating based on terpene phenolic 
resin. Ability of this resin to form 
wrinkles of uniform texture even 
though the film thickness varies 
means a reduction in costs be- 
cause little or no stripping and 
rewashing is necessary. 





ELASTIC PORCELAIN LINING for iron and 
steel tanks expands and contracts at same 
rate as base metal. Ceramic withstands tem- 
peratures ranging from freezing to 230 F, yet 
does not crack or check. 


SUPER REFRACTORY is claimed to be more 
resistant tothermal shock than any commercial 
ceramic, Containing no readily reducible 
oxides, material is highly corrosion resistant, 
retains room-temperature bending strength at 
1,000 C and is recommended for continuous 
service at 1,200 C; can be made in virtually 
any shape and held to a production tolerance 
of +0.5 percent. 


Processes 


SOLVENT WASH, the cause of streaky enamel 
on sprayed or dipped sheet metal products, can 
be avoided by striking a balance between 
adhesion characteristics of the 
paint solvents and the metal sur- 
face. The surface tension in the 
liquid must be reduced to the 
point at which maximum wetting 
action is consistently obtained. 





STUDS up to half an inch in diameter can be 
velded to dissimilar metals by using energy 
stored in condensers. Studs have a small metal 
tip that contacts the work and melts when an 
arc is struck as the condenser discharges. 
Formation of the arc is independent of the 
'$sistance in the metals. 


A BASIC CHANGE in the art of drawing wire 
nay soon become evident. Called prestressing, 
back-pull or reactive drawing, process in- 
volves applying a back tension while the wire 
ts stressed to half its yield strength. Advan- 
tages: less friction and heat generated between 
die and wire, better finish on the wire and 
less power for drawing. 
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wide are built up of two layers of acetate 





CHROMIUM SHEET that can be readily cut 
and bent when heated above 930 F has been 
produced in two different ways: by aqueous 
electrolysis of the hexavalent salt and by 
reduction of the chloride with magnesium. The 
ductile material is highly corrosion resistant 
and easily machined. 


SHORT-CUT METHOD for producing carbon 
dioxide makes use of a ‘‘fluidized powder’’, A 
stream of pure carbon dioxide gas is blown 
through a mixture of powdered coke and iron 
ore. Once stripped of its oxygen by the coke, 
the ore is regenerated with oxygen from the 
air and used again. 


ULTRASONIC ENERGY and a special solder- 
ing iron containing a magneto strictive trans- 
ducer simplify soldering of alu- 
minum assemblies. High frequency 
vibrations shake the metal sur- 
face clean so that no flux is 
needed before tin-zinc soft 
solders are applied to the joint. 





ELECTRODE WIRE only 5/64 in. in diameter 
fed into a joint from a special gun permits 
600-amp welding at speeds normally associ- 
ated with units requiring 10,000 amp. High 
current density is the result of the wire’s 
small cross-sectional area. Feeds for both 
wire and granular flux are automatically regu- 
lated by metering mechanisms in the gun 
assembly. Trade name is Hidensity welding. 


Components 


TINY PHOTOCELLS currently being perfected 
depend on germanium for their sensitivity to 
slight changes in light intensity. Potential uses 
are for decoding punched tape, computing and 
sorting, as well as for the direct operation of 
relays that open and close doors. 


A STANDARDIZED LINE of a-c timing motors 
is now being marketed.- [n addition to having 
high starting and running torque, the motors 
operate at full synchronous 
speed despite variations as great 
as 25 percent in the line voltage. 
Wide range of speeds and current 
ratings eases problem of fitting 
the motor to the job. 
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A STANDARD LINE of large bracket-bearing, 
squirrel-cage induction motors has been re- 
Continued on Page 9 
















































































Another new development using 






B. F. Goodrich Chemical Company raw materials 
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what the 
well-dressed 
man wears 





—WHERE DANGEROUS 
CHEMICALS ABOUND 


l | 


" Gra-Lite" clothing made by Standara Safety Equipmen Com- 
pany, Chicago, Ill. 


B. F. Goodrich Chemical Company does not make this fabri 
We supply raw materials for the coating only. 


NY man who works around dangerous in light colors—the pearl gray used here 
chemicals will tell you how necessary providing improved reflection of sunlight, 
safety clothing is. Especially important is increasing comfort to the wearer. 


the length of time it. reszs£5 chemicals. For There's added safetv in. Geon's Buno- 


resistance. And the coating's flexibility at 
low temperature is important for outdoor 
winter work. 


if red fuming nitric acid should touch the 
clothing, a matter of extra minutes of re- 
sistance makes the difference between safety 


and serious, or fatal injury. i 
Geon materials have many advantages 


that help improve products—improve their 
sales, too. Products of Geon can be made 
resistant to heat and cold, weather and 


The Geon resin coated clothing pictured 
gives workmen that all-important time- 
margin of safety. The Geon coating not 


only gives high chemical resistance, but : Mari 
y & 5 — wear—to water, grease, oil, oxidation and 


also an increased period of resistance. . M 
TET many chemicals. Colors can be brilliant 





That's just the start of the Geon coat- or delicate. We'll gladly give you helpful 
ing's advantages. It has excellent abrasion advice on the many uses and applications 
resistance. It's light in weight. A suit of for Geon. For technical bulletins, please 
overalls like the one pictured weighs only write Dept. GO-5, B. F. Goodrich Chem- 
27 ounces. Geon's color-adaptability is ical Company, Rose Building, Cleveland 
another big help. It can be compounded 15, Ohio. Cable address: Goodchemco. 


GEON RESINS « GOOD-RITE PLASTICIZERS ... the ideal team to make products easier, better and more saleable 
GEON polyvinyl materials « HYCAR American rubber « GOOD-RITE chemicals and plasticizers 
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designed for greater protection and accessi- 
bility. Upper half of bracket can be removed 
to permit servicing of capsule-type sleeve 
bearings; and removable louvers in the stator 
yoke vent openings make it easy to clean the 
passages behind the stator core. 


ASSEMBLY of sheet-metal products is a lot 
simpler if an ingenious cage nut is used. 
Two loops punched out at 45 deg 
angles in the metal sheet form 
the cage. A special nut with 
two flat wings is placed between 
the loops, which are then pinched 
up over the wings. 





A SLIGHT TWIST with a wrench swages a new 
type coupling on air hose. Coupler-clamp has 
an inner shank sealed into an outer housing 
that has a hex on each end. After hose is 
slipped over the shank, the thin-walled diag- 
onally-slotted center section of the housing is 
twisted, thus crimping it on the hose. 


LATEST MINIATURE BATTERY weighs only 
400 grams, takes up just 16 cu. in. of space. 
Its main elements are magnesium and cuprous 
chloride that are activated by tap water. 
Capacity of 12 watt-hour is not impaired, even 
though temperatures may be 65 F below zero. 


Testing 


CORRELATION between surface brightness 
and brazability is the basis of a simple tech- 
nique for testing the brazing properties of 
cupro-nickel specimens. Unbrazable material 
can thus be spotted before unsuccessful at- 
tempts in the shop tell the sad story. 
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DIAPHRAGMS made of silicone rubber-coate| 
Orlon are particularly responsive to smal 
pressure differentials. Mechanical, thermal an 
electrical properties are consistently goo 
throughout temperature range from-75 to +30) 
F. Diaphragms 0.010 or 0.017 in. thick can b 
either flat or convoluted to fit a particula 
application. 


ONLY TWO POUNDSof fuel are consumed every 
minute in a tiny rocket engine used for testing 
contact-type liquid propellants. Both cheape 
and safer than full scale rocket experimentatter 
(the V-2 used twelve tons of fuel per min), fa- 
cility will play a big part in the government's 
weapons development program. 


EXPLODING ATOMS of nitrogen iodide make 
it possible to produce a direct print in aa 
ordinary camera. When light 
strikes special print paper coated 
with the black chemical, a chain 
reaction of tiny explosions takes 
place, turning the paper white 
according to the light’s intensity. 
Lack of control over the chemical is prevent- 
ing commercialization of the process. 





A COUNT RATE METER is an added attraction 
in a high-speed electronic tachometer, making 
the instrument useful when an unknown fre- 
quency source is being traced. This type indi- 
cation reflects instantaneous changes and 
eases manual adjustment to any desired setting. 


ACCELERATED ABRASION TESTS can be run 
on an experimental machine that simulates 
actual service conditions. Rig is fully instru- 
mented so that complete data are recorded dur- 
ing tests that take minutes instead of months. 


THIS MONTH'S COVER 


Symbolic of the incessant demand by engineers for specific and 
detailed information on strength of materials in large section sizes ts 
the new 5,000,000 Ib capacity universal testing machine at the recently 


dedicated testing laboratory of the Bureau of Reclamation at Denver, 
b Colorado. Up to now, the effect of section size on the tensile and 
E compressive strength of materials— sometimes called the "mass effect 
sds —has frequently been difficult to predict. 
3 The machine, which was designed and built by the Baldwin-South 
3 E LL wark Division of the Baldwin Locomotive Works, is about 50 ft high, 
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Reclamation, Denver, Colo. 


weighs approximately 750,000 pounds, and is believed to be the largest 
of its type in existence. Photograph by W. M. Botts, Bureau of 
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COPPER ALLOY BULLETIN 


NEWS AND TECHNICAL DEVELOPMENTS OF COPPER AND COPPER-BASE ALLOYS 








Hot water thermostat and component parts—Courtesy Camstat, Inc., Los Angeles, Calif. 


Seven Copper Alloys Resist 
Corrosion in Bi-Metal Switch 


Rusting and other forms of corro- 
sion change the electrical characteris- 
tics of parts, decrease strength of 
springs and jam bearing points in small 
control instruments. 

To combat such conditions, copper- 
base alloys were primarily selected for 
all functional parts in the illustrated 
water heater thermostat. This unit op- 
erates with a bi-metal actuator which 
curves forward as the result of one 
metal expanding more rapidly than 
another. 


Since each copper alloy has different 
mechanical and physical characteris- 
tics, seven were used in this unit, and, 
in some cases, several tempers for each 
alloy. 

Cartridge brass, 70% copper and 
30% zinc, because of its ability to with- 
stand heavy working better than high 
brass, is used for the cover (1), bracket 
(2.), pointer (4), yoke (9), and staple 


BRASS - BRONZE - COPPER - DURONZE — STRIP 


MILLS IN 
BRIDGEPORT, CONNECTICUT 
INDIANAPOLIS, INDIANA 
In Canada: 

Noranda Copper and Brass Limited. 
Montreal 
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(3). Half hard metal was necessary to 
permit drawing, forming and bending of 
the cover, pointer and yoke, and in the 
staple to permit the prongs to be bent 
at assembly. The bracket is spring hard 
(8 numbers) as it acts as a flat spring. 

Phosphor bronze Grade A, 95% cop- 
per, 5% tin, 0.15 phosphor, produces 
flat springs in light gages (0.006 and 
up) due to its excellent spring proper- 
ties and resistance to fatigue. This al- 
loy is used for the contact springs (16), 
push button spring (17), spring link 
(18) and flat spring (20). All have 
spring temper. 


Nickel Silver Grades A, B 


Two grades of Nickel silver find use 
in this unit. In the pivot bracket (8) 
grade B, 55% copper, 18% nickel and 
the remainder zinc, gives the part fine 
spring characteristics, high strength 
(better than 90,000 psi in its extra hard 
temper), and the ductility in this hard 
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state to permit heavy bending and 
forming. 

Grade A, 65% copper, 18% nickel 
and remainder zinc, has greater ductil- 
ity than B which permits dimpling, 
bending and forming on the actuating 
lever (10). The base metal is hard (4 
numbers) and has a tensile strength of 
85,000. The coldworking done on this 
lever increases its strength to around 
90,000. 


Several Parts Machined 


Free machining brass rod, with the 
highest machinability of the copper al- 
loys, can be accurately machined with 
good finishes at high speeds. For these 
reasons, it is used for the counter- 
weight (shown on assembly 9), adjust- 
ing nut (5), terminal (6), stub (7), 
and calibrating screw (12). This alloy 
also has a conductivity 26% that of 
copper. 

The hollow rivets (11) and (13) 
are produced in cold headers from 
70-30 (cartridge brass) wire. When the 
hollow rivets are such that drilling is 
required rather than extrusion in the 
header, a light leaded wire is used 
(65% copper, 0.3% lead and remain- 
der zinc) to facilitate the drilling. 

The cold headed and roll threaded 
screws (14) and (15) are made from 
high brass, 65% copper, 35% zinc. Al- 
though not as ductile as the cartridge 
brass used in the hollow rivets, it is suf- 
ficiently ductile for medium-sized 
heads and roll threading. 


Silver Rivets 

The hollow rivets used for electrical 
contacts in the switch under the silver 
links are also of silver to eliminate 
danger of arcing. 

Bridgeport’s laboratory can be of 
help to product engineers in the select- 
ing of the best alloy from a functional 
as well as fabricating standpoint. Write 
the nearest district office or contact 
Bridgeport directly. 


* WIRE *: TUBING 


BRIDGEPORT BRASS COMPANY 
BRIDGEPORT 2, CONNECTICUT 


Established 1865 
P District Offices and Ware- 
houses in Principal Cities 
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The Many-In-One Campaign 


The helping hand is a builder of peace and understanding and to the builders 
come satisfaction and happiness. For emotional reasons, for humanitarian mo- 
tives, or as a hard headed business proposition, or for all three of these reasons, 
support your Community Chest, the Red Feather Cam pai gn, and yours will be 
the satisfaction that comes to those who help the other fellow. 


Because these are our beliefs and convictions, we devote this editorial page to 
the presentation of a joint statement by two of tbe country's leading industrial- 


ists. We whole-heartedly endorse the closing sentence of the statement and ex- 


press our wishes for a record breaking successful campaign. 


We believe in the "many-in-one" campaign 
idea... 

This year, Community Chests are uniting 
more than 15,000 health and welfare agencies 
in one big effort to raise approximately $190,- 
000,000. This is to help finance such typical 
Red Feather services as Boy Scouts and Girl 
Scouts, Maternity Homes, and Visiting Nurses, 
Family Service, Travelers Aid, Neighborhood 
Houses and Legal Aid. Included too are Boys’ 
Clubs and Camp Fire Girls, Urban League, 
Children’s Aid, Hospitals and Clinics, and 
Services for the Aged. The Salvation Army, 
Y.M.C.A., Y.W.C.A., Summer Camps, Clubs 
for Girls, Aid to the Handicapped and Social 
Hygiene services are also members of the Red 
Feather family. 

Being businessmen we see the advantage of 
uniting these many campaigns under one 
efficient, fund-raising organization. Industry 
knows that production costs drop as volume in- 
creases. Over 30 years’ Chest experience proves 
that coordinated campaigns cost less, save time 
and energy and raise more money to provide 
more and better services. Big or small, feder- 
ated campaigns guarantee effective use of the 


funds subscribed. They substitute order for the 
chaos that comes with many separate fund- 
raising efforts. 

Proof that the ‘“many-in-one-campaign” is 
effective lies in the fact that appeals are being 
federated in more and more local communities 
Leaders of both management and labor, in civi 
clubs and governmental departments, from pro 
fessional circles and educational groups are 
giving increasing endorsement to the idea of 
joint campaigning and budgeting. 

The number of communities organizing 
Chests has steadily increased. In 1940 there 
were 561 reported Chests. By 1948 the num- 
ber had grown to 1060. At the present time 
definite information is available about Chests 
in more than 1250 cities. 

United campaigns are wisely planned, coop- 
erative undertakings. We believe they make 
sense and should be supported generously . 

CHARLES E. WILSON, National Campaign 
Chairman C Chests of America 
(President, General Electric Corporation) 

CHARLES E. WILSON, V 
Co C al 


(Pre t, Generai 


, ef 
mL MUNITY 


ide? 


Motors Corporation) 


G 































































With shield on on With shields on bot! With 


















A standard New Departure single row ball 
bearing may be had with about a dozen 
different combinations of seals, shields, snap 
rings, etc., to simplify mounting, lubrication 
or enclosure—in short it may be had with the 


equipment to do each specific job best. 
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sid: tor protection sides to keep dirt out location 


igainst abrasive dirt, ind lubricant in. in housing 


ring to With snap ring and With contact seal 
bearing either one or two lubricated 
shields as required life without atter 


But basically vou always have one of the most 
useful and dependable workers ever devised 

taking radial loads and thrust loads from 
either direction—locating parts accurately and 
permanently -all in one unit requiring no 


time-wasting adjustment or other attention. 


Nothing Rolls Like a Balt 


NEW DEPARTURE BALL BEARINGS 


NEW DEPARTURE DIVISION OF GENERAL MOTORS BRISTOL, CONNECTICUT 
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— CHANGES and adjustments 
caused by increasing world tension 
make the utilization of new mate- 
rials and processing methods a 
vital concern to the national inter- 
est. Such new developments are 
also necessary to meet the increas- 
ingly severe demands of industrial 
competition. 

In the field of metals, the word 
"new" can be ambiguous. What is 
"new" to a research metallurgist, 
is often many years from practical 
use to a design engineer. With this 


consideration in mind, PRODUCT 
ENGINEERING presents the follow- 
ing summary of noteworthy ad- 
vances in the metals and metal 


fabrication fields. Although many 
of these developments are now "on 
the market", their significance has 
not yet been evaluated. Others are 
just out of the research stage. 
Metals and processes in both cate- 
gories will reach their fullest de- 
velopment in the next decade. 


Cold Extrusion of Steel 


One of the major developments 
of the half century is cold extrusion 
of steel on a practical basis. If 
present trends continue, many de- 
sign concepts in steel shapes will 
change radically. Developed from 
an original German process, Army 
Ordnance is actively pushing re- 
search and pilot plant operations in 
at least two plants in this country. 
Right now military applications are 
for 105 mm howitzer shell and 
'artridge cases which are cold ex- 
truded from hot rolled bar stock. 

Although punches and dies are 
used in cold extrusion, it differs 
asically from drawing. During 
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The Next Decade Promises... 


NEW Methods of Shaping Steel 


NEW Types of Metals—for high temperature and structural uses 


NEW Metal-Ceramic Combinations 
NEW Stainless and Alloy Steels 
NEW Light Metal Alloys 


NEW Production Techniques, including 


“precision” casting methods 


. vacuum melting and casting 
. extremely large pressure forgings 
. welding of new metal combinations. 


Suc 


drawing the workpiece is formed converting a solid cylinde 
the application of tensile cup. During forward ext 
stresses, whereas in extrusion the the steel flows out of the die 
piece is forced to flow as a result of of the punch at a greater 
applied compressive stresses. The than the ram is traveling 
new process utilizes both forward of the technique is attribute 
and backward extrusion. In back- rectly to the use of a S 
ward extrusion the metal is forced metal phosphate coating that 
to flow in a direction opposite op- vides a durable lubricant film 
posite to the travel of the punch, Immediate advantages are 
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parent: There is an extren 
great saving in material. 

instance, by forging, one mil! 
tons of scrap were produced 
making one hundred million s! 
cases, while by cold extrusion « 
10,000 tons of steel scrap were | _ 
yan 
This 
takil 
ng 
f tl 


rac 


duced. There is also a saving 
machine operations, as well as 
tremendous saving in labor. O 
operation can reduce a cross-s 
tional area by as much as 80 pe) 
cent. Where drawn cartridge cases 
were made from plate, disk, cuj 
and then deep drawn in several 
operations, the present process 
starts from a bar, in itself 
cheaper item. In forming the first 
piece, only the width of a bandsaw 
cut is lost, whereas customarily pecs 
yield of only 50 percent resulted y 
from cutting disks from plate. li — 
addition, the usual spheroidizin; -— 
annealing treatment is eliminated 
Perhaps the most important ad 
vantage is the increase in physica 
properties. Pieces obtained by this 
process from plain carbon steel: 


pror 
effec 
lust 
E 
ging 

now 


per 
forg 
Stat 
pres 
n 


Rus: 


show tensile values ranging fron 
95,000 to 120,000 psi. Increases i: 
tensi'e strength up to 70 percen: 


tho 
that 
stal 


are possible. There also seems 
be an increase in elongation fron 
a cold extruded structure, con 
pared with that normally found 
cold-drawing to the same tensile 

Present size limits seem to 
about 15 in. in length, with lengt 
diameter ratios varying from 4 
to 24:1. Larger size parts are e! 
visioned. Also, it is planned to e 
tend the process to higher car! 
and low alloy steels. 


Large-Scale Forging 
and Extrusion 


The armed services are spons 
ing a good deal of research 
pilot plant operations to make 


Mucins Manu turing 


Cold extrusion of steel is accomplished on special hydraulic presses, 
such as the 3,000-ton long-stroke high speed machine, above. Shown ae n 
below is sequence of shapes in forming 57 mm shell from 2 Ib billet of realistic possibility many prod 
hot rolled AISI 1010 steel. Close control of dimensions is possible. tion process which have be 


irmy Ordnance De 
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jerely talked about for a long time. 
One of the most noteworthy 
ittempts in this direction is the 
' §. Air Force Manufacturing 
Methods Pilot Plant, operated in 
mjunction with the Gerity-Michi- 
gan Corporation at Adrian, Mich. 
plant the 
aking of large scale drawing, forg- 


This has as its object 
ng and extruding operations out 
f the theoretical stage and into the 
production and 
promises to 
the entire 
lustrial potential. 
Extremely 


practical stage, 
far-reaching 


national in- 


have a 
effect on 


for- 
Germany are 


large 
from 
installed ex- 
pected to be in full-scale operation 
yv the end of the year. 
h machine is a forging press of 15,- 
000 metric which when in 
yperation will be one of the largest 


hydraulic 
ging presses 


now and 


being are 
One such 


tons, 


forging presses in the United 
States. A  30,000-ton hydraulic 
press, believed to be the largest 
n the world, was obtained by 


Russia 


from Germany 
war; it 


just after 


the last can be assumed 
that this hydraulic 
standing idle. 
Typical of the type of thinking 
vhich is sparking the Adrian plant, 
is the production of high strength 
lightweight aircraft parts. 


press is not 


For in- 


stance, which were for- 


merly assembled from several com- 


spar caps 
ponents including the root, inboard 


and outboard ends, proved to be 
inefficient, uneconomical and time- 
onsuming in production. The spar 
aps are now produced in one op- 
eration, and more than 1,000 lb of 
metal the 
extremely small amount of waste. 
About 300 hr of 


time were 


are saved, because of 
manufacturing 
saved. This par- 
tieular part happens to be a for- 
ging, but the same type of analysis 
can be applied to 
'old-shaping. 

The Adrian plant is also experi- 
menting in improved extrusion 
techniques. Such metals as pure 
beryllium and high alloy steel have 
been extruded successfully. Inves- 
tigations are now being made in the 
extrusion of titanium, pure mo- 
lybdenum and steel alloys in various 
shapes and tubes. This plant con- 
tains one of the largest extrusion 
presses in the United States, having 
total force of 5,500 tons. By 
ising such large extrusion presses 


also 


extrusion and 
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Ribbons of stainless steel are formed by this machine into corrugated 
strips. Roof sections of new all-stainless passenger railroad cars are 


formed from 85-ft strips welded together. Roll forming contours the strip 


fatigue strength of materials in sitized in a temperature range fron 


large sections have been improved 800-1500 F. 


immeasurably. 


Columbium has a 
lvpe 341 
Also in the so-called 


swered this need in the 


The Air Force is not making any material. 





restricted selection of products or “super alloys”, columbium = was 
methods to be studied. Anyone found most effective to maintain 
using the plant merely pays for strength at high temperatures | 
actual 'velopme ime, but no n] } tantal 
ictu i di velopment time, iut n Columbium ores rich in tantalun 
capital investment cost is involved dE ` ede " 
a : ] neretotore unused are now eins | 
Now under study at Adrian is a processed in an effort to expand 
75,009 ‘draulic forging press i is 
15,00 ton hydi ulic fo ging press, the supply of columbium. A new 
which will be six stories high. Such IRR Es = 10.90 
: . ron-ta uum-eoiumo iU-- 
a press could forge a wing sta- 10 lloy has beer n 
bilizer, for instance, with one die : 1 l cal Sac | 
i ‘ A a a\abe | 
+ 1 + ^ v $ | 
alum into high temperature a s | 
. - a D em f 
s "as r , " +} I n e) | 
Stainless Steels super alloys”), and the Type 347 
; i A grade of stainless steel. In the | 
Use and production of conver bui dil | 
n ; 2.9 ; i supe alloys antaium can t i 
tional stainless steels are increas ituted f 1 ‘ | 
substituted for mbium, poit | 
4 iJe ; ; | 
ing steadily and important new de- p | t with "y ! | 
j Lor porin Wiin € u erle ^ reas 
velopments are proceeding ape : i | 
p I € Typi ji stain ess Stet 
T - À has been found that two points of | 
IHE TANTALUM-BEARING STAIN- , | 
p a anta m are rec red t repiact | 
LESS. One of the most important i ! 
new developments in this field bot} ee a D IE "AD | 
. . bai ZIM og the stee weve ai d nn l t = 
from industrial and military points i | 
of view is the production of tan- ^, ^ ^7 , 7777 ues — 
; hili . alloy containing the 2:1 ratio of 
talum-bearing stabilized grades of ^" p " 
, 1 Y columbium ntalun they | 
steels. Although some tantalum has ' ' y y s | 
; ! have been fabricated into heat and | 
always been present in the colum-  "*** SESH t - ; — | 
; TT Į sSlon-resista Í 5 | 
bium stabilized grades, the present — SEN ow | 


impetus for its wider increase in 
Type 347 formulations is specific- LOW CARBON STAINLESS 


ally the increased demand for this an 


even more significant develop- 
alloy for high-temperature service. ment in this field is the produ I 
The need for a special element f extra-low-carbon grades of stain- 
to stabilize austenitic grades of less steel having a carbon ntent 
stainless steels (Cr-Ni) has been not over 0.03 perce Thes r 
known for some time. These ma- mainly Tvpes 304 and 316 whi 
terials are subject to intergranular were made economically feasible 
corrosion after they have been ser n most instances by the use of ox 
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talum. 


appreciably increase the production 


gen for decarburizing the molten 
metal in the furnace and the de- 
velopment of the extra-low-carbon 
ferrochromium. 

These materials have many ad- 
vantages especially in 


grades of 


economy. 
For instance, the extra-low-carbon 
Types 304 and 316 
can often be substituted for stabi- 


grades of 


lized grades. They can be used as 
welded and stress-relieved struc- 
tures in place of the austenitic 
which formerly required 
columbium or titanium to be added 
as stabilizers. However, the extra- 
low-carbon grades are not as fool- 
proof as the columbium stabilized 
grades when used continuously at 
high temperatures. 

The low carbon 18-8 materials 
with and without molybdenum may 
replace the stabilized types for ap- 
plieations in the as-welded condi- 
tions that involve short 


steels 


heating 
time in the sensitizing tempera- 
ture range, 800-1500 F, or equip- 
ment which is of such a size that 
it is necessary to stress relieve it 
for periods up to two hours in the 
dangerous temperature zone. Test 
samples of extra-low-carbon stain- 
less steels sensitized in the danger- 
ous temperature zone for periods 
in excess of that which would be 
obtained in either the as-welded or 
stress-relieved conditions show no 
evidence of intergranular corro- 
sion after subjecting to 240 hr in 
the 65 percent boiling nitric acid 
test. Similar successful results 
were obtained after boiling 500 
hr in the Strauss copper sulphate 
test. 

Before low carbon stainless steels 
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Columbium is an alloying agent that has acquired strategic 
importance in the last decade. Columbium is now being 
allocated, in the form of ferro-columbium, to producers of 
stainless steels and high temperature alloys. Measures are 
being taken to extend available supplies, and to supplement 
columbium use with other alloying agents, principally tan- 


Nigeria is the largest producer of columbite ore, as a by- 
product of tin mining. Imports at the end of World War Il 
dropped sharply when the accumulations in Nigeria were 
depleted, but for the past two years the normal production 
of columbium ores has been increasing. Also, installations of 
mechanical equipment now being made and planned will 


COLUMBIUM SITUATION 


ing this picture. 


in the years ahead 
Expanded British production of high-temperature alloys has 
taken more of Nigerian columbite. Belgian Congo production 


were developed, it was often nec- 
essary to anneal stainless weld- 
ments or use more expensive “sta- 
bilized” grades to prevent corrosion 
attack at the weld area. Removal 
of the necessity for stainless steel 
stabilized by the additions of colum- 
bium not only results in economies 
for the fabricator, but also con- 
serves the supply of columbium. 
Elimination of the necessity for 
annealing welds has permitted fab- 
rication of large assemblies on the 
job, and in many cases greatly sim- 
plified the problem of field repairs 
on stainless steel equipment. 


PRECIPITATION-HARDENING STAIN- 
LESS. These new materials are an- 
other important development in the 
stainless steel field. After cold-roll- 
ing or cold drawing, precipitation 
hardening materials require only 
one heat-treatment. Heavy cold re- 
ductions followed by the precipita- 
tion-hardening treatment result in 
extremely high tensile and elastic 
properties. One of these materials 
has the nominal analysis of 17 per- 
cent chromium and 7 percent nickel, 
and contains aluminum as the pre- 
cipitation-hardening element. This 
was especially developed for sheet, 
strip, plate and wire applications 
requiring good corrosion resistance, 
combined with extremely high 
mechanical properties. Another ma- 
terial, containing 17 percent chro- 
mium and 4 percent nickel, employs 
copper instead of aluminum as the 
precipitation hardening element. 
This material is suitable for bar 
and billet forging applications. 
Steels with normal tensile 
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of columbite has grown rapidly in the last few years, but 
Congo ores are lower grades. However, they can be bene- 
ficiated as a satisfactory source of columbian and tantalum. 


Columbite ores with the high tantalum content, available 
from South America and other strategically favorable loco- 
tions, were not heretofore useful. But the utilization of tantalum 
as a substitute for columbium in many alloys is rapidly chang- 


Stainless steel can also be stabilized with titanium. The 
cost of ferrotitanium is lower than ferrocolumbium, and there 
is an abundant supply, but titanium is not a satisfactory 
substitution for columbium in many instances. 


Columbium conservation also lies in wider use of the new 
extra-low-carbon stainless steels. 

































































strengths of 90,000 psi, having an 
elongation of perhaps 50 percent, 
by the precipitation hardening 
treatment are increased in strength 
up to 150,000-175,000 psi. Such a 
treatment might reduce the elonga- 
tion to about 10 percent, but this is 
still within the fabricating range 
Indication of applications for these 
materials are for such products as 
valve parts, which require extreme 
hardness, high strength and di- 
mensional stability. 


“Super Alloys” 

New and expanded uses of the 
so-called “super alloys” developed 
mainly for high temperature us 
during and shortly after the last 
war, are becoming increasingly sig- 
nificant. Instead of small experi- 
mental amounts, large volumes of 
such materials are being used. 


COMPLETELY NEW TYPES. Latest r« 
quirements for high strength at 
high temperatures has increased 
the demand for radically new types 
of alloys, some of which are entirely 
out of the ferrous field, or contain 
iron in relatively minor amounts 
Requirements of the armed services 
for extremely high temperature 
resisting parts are being met pri- 
marily by these types of alloys 
which contain large amounts of 


chromium, titanium, molybdenum, 


and cobalt. 

Under Navy sponsorship, re 
search at such institutions as th: 
Massachusetts Institute of Tech 
nology and the Battelle Memoria 
Institute has indicated two chr: 
mium alloy types as having promis 
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for structural high-temperature 
1,600-1,800 F uses. One is a chro- 
mium-molybdenum-iron type, and 
the other a chromium-molybdenum- 
nickel type. The system chromium- 
molybdenum-iron, having the ap- 
proximate analysis 60 percent chro- 
mium, 25 percent molybdenum and 
15 percent iron, has extremely high 
resistance to stress rupture at high 
temperatures. Both of these ma- 
terials are fairly brittle at high 
temperatures, but addition elements 
are expected to reduce this effect 
to a great extent. At present they 
are being used experimentally in 
castings only, but forging grades 
are hoped to be developed. 

Molybdenum- and titanium-base 
alloys (see "New Structural 
Metals" by J. J. Harwood, follow- 
ing this article) offer even greater 
promise in the high temperature 
field, because they can be produced 
in sheet, strip, tube and rod forms, 
as well as in forging grades. How- 
ever, the molybdenum-base alloys 
oxidize above 1,300 F, and require 
coatings, such as ceramic enamels, 
or a silicon material which com- 
bines chemically with the molyb- 
denum. 

Improvements in the titanium al- 
loys are being accelerated. Tita- 
nium tubing, for instance, is now a 
reality. It is produced from strip 
which is formed, welded and then 
drawn into sizes ranging from 11 
x 0.075 in. wall to à in. OD x 0.010 
in. wall in lengths up to 10 ft. Some 
seamless tubing has been made by 
drilling and cold drawing bars. 
Cold drawing titanium is made 
difficult by its tendency to gall and 
seize to the drawing dies, and a 
new scheme of lubrication has had 
to be devised. 

To avoid the embrittling effect of 
oxygen, nitrogen, carbon and hy- 
drogen, at elevated temperatures, 
titanium is annealed in vacuum or 
inert atmospheres. Oxygen and 
nitrogen can be used under rigidly 
controlled conditions to surface 
harden titanium. 

As the methods of producing 
titanium metal improve, embrit- 
tling elements are reduced, and the 
strength of the resulting metal de- 
creases with an improvement in 
ductility. This is desirable for fab- 
rieation of shapes, especially tub- 
ing, and may permit the use of 
titanium for aircraft hydraulic 
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New types of stainless steel, “super alloys”, high temperature metals. 
and high strength titanium and light metal alloys are all used to con- 
struct modern jet engines and aircraft. Shown above is B-47 Stratojet. 
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Two views of gas turbine impeller made of metal- 
ceramic "combination". This material consists basic- 


lines, and by the chemical indus- 
tries for handling wet chlorine gas, 
nitric acid, salt solutions and fruit 
acids. 

At present almost all of the sig- 
nificant applications of titanium are 
being made to aircraft. Forged jet 
compressor blades 

skinning 


engine rotors, 

and disks, and around 
high temperature elements of air- 
craft where stainless steel formerly 


f 


was used now are being made of 


because of the weight 


titanium, 


saving involved Indication of the 


major inroads into the stainless 
y vl $ +} 4 s hax n sat + a 
narket 15 ihe tie-up by severai steei 
producers with concerns who have 


been active in the development of 
titanium and titanium-base alloys. 
Allegheny-Ludlum and The Na- 
tional Lead Company have a work- 
ing agreement through Titanium 
Meta!s America, 
and recently Crucible Steel tied up 


Coi poration of 


with Remington Arms, which was 
one of the first in the titanium alloy 
field, to form a joint company. 

The Navy Bureau of Aeronautics 
is sponsoring development of a 
3 percent aluminum—5 percent 
chromium—titanium alloy, which 
appears to have promise as a com- 
mercial material in hot forged and 
possibly sheet forms. 

A cobalt-base alloy for use in 
sheet-metal components of gas tur- 
bines has been developed. It con- 
sists of cobalt (50 percent), chrom- 
ium, nickel, and tungsten, has high 
strength resistance up to 1,800 F, 
and resistance to oxidation and car- 
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Weld- 
ability is satisfactory, and good 
workability is obtained in fabrica- 
tion. The new alloy is nearly com- 
parable in formability with N-155 
alloy and Type 347 stainless steel. 
aircraft — sheet-metal 
parts—small fabricated blades to 
assemblies 


burization up to 1,900 F. 


Numerous 


larger afterburner 
have been fabricated from the alloy. 
Deep drawing, spinning, stamping, 
drop-hammer forging, and similar 
operations have been successfully 


h this 


arried out wit material. 
Welding has been performed with 
roller seam, spot, heliarc, and elec- 
tric arc methods with comparative 
ease. 


Another 


base alloy is finding use as a spring 


relatively new cobalt- 
material, both at normal and ele- 
vated temperatures. It contains 40 
percent cobalt, 20 percent chrom- 
ium, 15 percent nickel, about 15 
percent iron, 7 percent molyb- 
denum, and small amounts of man- 
Corrosion- 


resistance of this material is out- 


ganese and beryllium. 


standing. 


Metal-Ceramics 


It is not a far step from cobalt 
to "non-metallics", Experts believe 
that about 2,000 F is the top 
temperature limit for highly 
stressed parts in "purely" metallic 
alloys. For higher temperatures, 
ceramics, ceramic-metal combina- 
tions, or ceramic-coated metals are 
indicated. 


New “metal-ceramic” composi- 
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ally of titanium carbide with 20 percent cobalt, and 
is enlarging the scope of high temperature design 





tions combine the thermal shock re 
sistance of alloys with the hig! 
temperature strength of ceramics 
One such material is titanium car- 
bide. Two cemented titanium cai 
bide compositions, each containing 
approximately 20 percent cobalt 
interesting. Ten 
1,800 F ar 


are particularly 
sile strengths at 
higher than those of any hig! 


temperature alloys or ceramics 
Specific gravities are about tw 


thirds that of steel so that on 


strength-weight basis the tensik 


values become very high. Their lo 
thermal expansion and high the 
mal conductivity help increase 
thermal shock 
material is 
(molded) or 


resistance, Thi 

powder-press¢ 
extruded into su 
shapes as turbine blades, bushings 
nozzles and valve seats. 

Another new commercial “cer: 
met" or ''metamic", as they a 
variously called, consists of fuse 
aluminum oxide 
chromium metal. 


bonded wit 


MAGNETIC FERRITES. — Market: 
under the trade name “Ferramics’ 
these are a relatively new famil 
of magnetic materials. Chemical] 
they consist of various oxides 

metals such as Fe,O, MnO, Zní 
and NiO, combined in a “spline! 
structure. They exhibit many 

the mechanical properties of oth 
oxide bodies, such as porcelain 

steatite. They are semi-conducto 
having very large volume resisti 
ities, of the order of 10° to 10° oh 
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Zirconium, zinc, and *rare earth" metals are extending 


magnesium's range of applications. 


cm, and at the time being 


strongly ferro-magnetic in nature. 


same 


The "ferramics" fill a gap in the 
frequency spectrum, between lam- 
inated iron alloys used at power fre- 
quencies to handle large amounts of 
power, and powdered iron 
used at high frequencies to handle 
relatively low powers. 


cores 


They can be 
used in applications at audio fre- 
quencies and up into the high mega- 
cycle range at medium power levels. 
Such 


vision circuits 


1 


cores are now used in tele- 


New Magnesium Alloys 
The search for 
higher-strength 


lighter-weight 
allovs is just as 
irgent as the search for new high- 
temperature materials. These hig! 
strength-weight ratio materials are 
envisioned not only for aircraft and 
other parts where lightweight is à 
"must", but fo: 
vehicles, 


militar 
modern 


many 
which in a 
air. 


can be carried by Completely 


new types of magnesium alloys 
promise to meet this need. 
Mechanical properties of sand- 


cast parts of new magnesium-zin 
The 
tests show that many of these alloys 
show greater resistance to creep at 


alloys look quite promising. 


elevated temperatures than that of 
present 
alloys. 

Other alloys of 
promise are magnesium-zirconium, 
magnesium-lithium, and magnesi- 
m-cerium. The magnesium-cer- 
im alloys look promising for “‘in- 


commercial magnesium 


magnesium 


Propuct ENGINEERING — OCTOBER, 


Aircraft wheel and 


war 


1950 


termediate” temperature structural 


uses. 
The 

in the "rare earth" category. Many 

of these 


metallic element cerium is 
magnesium-rare-earth- 
metal-zirconium alloys use for then 
"rare" component a material known 
as "Mischmetal", 
of which is 


a typical analysis 
50 percent cerium, 20 
percent lanthanum, 18 percent neo- 
dymium, 6 percent praesodymium, 
and lesser l 


amounts oi other ele- 


ments of this group. These mag- 


nesium-“rare earth” alloys look 


extremely promising, 


especially 
vhen produced as sand castings. 
Immediate applications are for air- 
raft engine parts operating at 
temperatures up to 600 F. 

An alloy of 
which 


Engineer 


particular promis 
is being investigated bv thi 
Develop- 


Army) at Fort 


Research and 
ment Laboratories 
Belvoir, Va., is a 


zirconium-silver alloy, in 


magnesium-zin 
which is 
present 6 percent zinc, 0.6 percent 
zirconium and 6 percent silver. This 
yields tensile strengths up to 60,- 
000 psi, vield strengths up to 40 
45,000 psi, and elongations uj 

10-15 One possible ise 
for this alloy is for airfield landing 


mats. 


1 + 
p to 


percent. 


Magnesium-lithium alloys are 
still in the 
Their attractive properties include 


developmental 


densities equal to or lower tha! 


` + IE + vor? hh i soph? 
magnesium itself, strengtn-weign 


ratios equal to the strongest aiumi- 


num alloys, and in some composi- 


tions rreativ i nr Mil a lacralline 
lons, greativ improved coiad-roiin 


engine part are made of "Z5Z", a maenesium-zin-- 
zirconium alloy with high strength-weight ratio 
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and cold-forming 


haracteri 


stics 
compared present mmer 
magnesium alloys 

The magnesium-lithiun illovs 
are used with zinc and or 
num. These alloys usually 
ium The e ail ISUuallv à 
0 to 15 percent lithium += 4 
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Non-Ferrous Perma Mold, In 


Permanent mold casting now makes possible large scale 
a wide 
copper-base alloy 


production of precision parts in 





FINISH. A new 
organic developed at 
Princeton Paint Laboratories, Inc., 
effective 
method 
which is commercially feasible 


NEW MAGNESIUM 
lacquer, 


magnesium parts 
protection by a 


gives 


surface 


Aluminum Alloys 


A development representing an 
immediate “big step forward” is 
the extrusion of aluminum alloy 
ribbed sheet. After extruding the 
shape, it is straightened by stretch- 
ing it slightly past the elastic limit. 
Then it is slit to open the circular 
A flat sheet is subse 
obtained by a 


cross section. 
quently 
operations to open the circle and 
flatten it out. By ordinary methods, 
a very thick plate of aluminum is 
milled out, leaving only a thin sheet 
with its reinforcing ribs. In time 
of emergency, any volume of ribbed 
sheet would simply require more 
aluminum than would be available, 
because of the tremendous 
in milling. 

A similar advance is the rolling 
of aluminum alloy “tapered” sheet 
for aircraft construction. This type 
of sheet speeds production of com- 
plicated sections, decreases waste, 
and permits “closer” design. 

A new forged aluminum disk 
wheel is to be marketed for truck, 
trailer and bus use. The wheels are 
commercially available in both the 
7.50 x 20 and 7.50 x 22 in. 


series of 


waste 


sizes. 
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metallic alloys. At left, group of 








variety of right, washing 






Every pound using the 
aluminum wheels can be replaced 
by a direct 
without 


saved by 
increase in pay load 
exceeding maximum axle 
loading. 

Other new developments include 
a new aluminum die-casting alloy 
with 4.3 percent silicon, 1.8 percent 
magnesium, 3.5 percent of zinc; 
and an aluminum-coated steel-core 
wire, which is replacing the usual 
zinc galvanized core for’ short 
transmission lines, which operate 
at approximately 460 volts. 


Copper-Base Alloys 


Recently announced by one large 
brass producer is the casting of 
brass cakes in weights over 3,000 
lb, making available finished brass 
in coils up to 24 in. wide, and 
weighing as much as 100 lb per in. 
of width. 

Also being produced by the same 
manufacturer is a new brass espe- 
cially adapted for drawing and 
stamping operations, and char- 
acterized by exceptionally fine 
grain, ductility, resistance to abra- 
sion, and surface smoothness that 
greatly reduces buffing and polish- 
ing coats, with reported savings up 
to 35 percent. 

New bronze die alloys offer great 
advantages for such uses as deep- 
drawing of stainless steel. One such 
alloy in particular, because of its 
intermetallic structure—minute 
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Monarch Aluminum Mfg. Company 


castings, produced in weight range from 3 oz to 35 Ib. At 
machine agitator cast 
has a smooth, hard finish that is a commercial asset. 


of aluminum 





hard particles uniformly dispersed 
in a softer matrix—gives dies of 
longer life, freedom from galling 
and scratching, and decreased 
maintenance time. 


"Rare" Metals 


Production of practically pur: 
tungsten on a commercial basi: 
makes available a metal for use 
wherever maximum density, mas: 
or inertia is required in limited 
space. Produced by machining fron 
standard shapes or by powder 
metallurgy methods, the materia 
can be used for rotors, flywheels 
governors, and balance weights. Ur 
to the present time, the only use of 
tungsten has been in the lamp and 
electronic tube industry. 

Availability of the metal ger- 
manium, which is a semiconductor 
has led to its use as diodes in pho- 
tocells and television receivers 
Compactness and high sensitivit: 
reduce size of such units, by operat- 
ing relays without electronic ampli- 
fication. 


Vacuum Techniques 


Production of high purity metals, 
both for research and actual use, 
has been accelerated by vacuum 
melting and casting techniques 
developed by the National Re- 
search Corporation. One of the 
most promising uses of vacuum 


melting is in the production of 
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arge copper castings used in appli- 
vations where maximum electrical 
conductivity is required. It is actu- 
ally possible to achieve conductiv- 
ities as high as 100.3 percent IACS. 
Large castings can be made with 
comparative freedom from difficul- 
ties caused by gas pockets. Such 
components include gas free high- 
purity copper anode blocks which 
are used in large power tubes. Gas 
would interfere with evacuation of 
the large power tubes in which 
the components are incorporated. 
Rough castings weighing several 
hundred pounds are  finish-ma- 
chined and drilled to extremely 
close dimensional tolerances. 


NEW METALS. The use of vacuum 
melting techniques is of particular 
interest in problems associated 
with the production of titanium 
and zirconium. Titanium sponge 
produced by the Kroll electrolytic 
process is most successfully con- 
verted into ductile ingots by melt- 
ing at low pressures or in inert 
atmospheres.  Purified hydrogen 
and argon atmospheres can be very 
expensive in large scale operations. 
Actually the use of high vacuum 
here is an economy, when compared 
to the use of large quantities of 
carefully processed inert gases. 


HEAT TREATING. Manufacturers 
are now annealing watch springs in 
vacuum to achieve bright surfaces 
and reduce embrittlement caused by 
reaction of gases on the surfaces of 
the finished products. 


Powder Metallurgy 


New developments in the import- 
ant powder metallurgy field include 
use of metal powders to make bear- 
ings, bearing plates, odd-shaped 
gears, clutches, ratchets, cams, as 
well as special applications such as: 
Copper combined with steel so that 
the copper would melt when the 
steel was shaped to produce a self- 
brazing part; lead dispersed in cop- 
per to provide bearing properties; 
oil-impregnated pieces, in which 
the powder metal part, because of 
its porosity, acts as a permanent oil 
reservoir. 

Combinations of powders are 
now used: Copper combined with 
carbon for brushes; silver com- 
bined with tungsten contact points; 
and mixtures of copper, tin, iron, 








lead, graphite, and silica to produce 


heavy-duty friction surfaces. 
Powder metallurgy parts are now 
illy plated. 


successfu Usually ap- 
plied to sintered iron parts, plates 
include nickel, copper, and silver. 
The same coatings can be applied 


to brass and bronze parts. 


New Casting Methods 


Probably the most exciting news 
of the year in the casting field is 
the “C” process, which employs a 
special phenolic resin binder for 
producing cores and molds from 
sand. Although resins have been 
used for many years in sand core 
binding, the new method uses as a 
mold only a thin “shell” of sand. 
Some of the advantages claimed for 
the process are as follows: 

1. Excellent dimensional accu- 
racy. Tolerances between 0.001 and 
0.003 in. per in. have been claimed. 

2. Excellent surface finish, obvi- 
ating necessity for many cleaning 
and machining operations. 

3. Better metal yield. 

4. Greatly increased production. 

5. Ability to cast very thin sec- 
tions. 

6. Greatly reduced sand-to-cast- 
ing weight ratio, thus cutting costs. 


A new method for producing pri 
cision castings is the “Mercast’ 
process, which consists of the fol- 
lowing steps: (1) Liquid mercury 
is poured into a master mo!d made 
of metal or other material; (2) the 
mercury-filled mold is chilled in a 
bath at a temperature below 40 
F; (3) frozen mercury pattern is 
then removed from the master 
mold. With a complex product, a 
number of component patterns can 
be built into a complete pattern; 
(4) the frozen mercury pattern 
then is dipped in a chilled refrac- 
tory slurry made up of very fine 
ceramic particles. Several coatings 
are given the part, until it has à 
ceramic shell of from i to 1i in.; 
9) when the shell-like mold is 
thoroughly dried in a cold box, the 
mold is removed to room tempera- 
ture where the mercury melts out, 
and later fired in a kiln; (6) con- 
ventional pouring or centrifugal 
casting is the next step. The mold 
"breathes" to allow air and gases in 
the molten metal to escape, prevent- 
ing blow-holes. 1) When cool 
enough to handle, the thin ceramk 
mold is broken from the casting 
This process lends itself to produc- 


tion of complicated parts 


Produced by “Mercast” process, this 334 x 354 in. gear-cutting hob is cast 


of Tantung and other abrasion-resisting allovs. Now on life-run test. 


this type of hob is widely used in automotive industries. 





































































































































































































































































































































































WHAT'S AHEAD IN METALS 


New Structural Metals 


J. J. HARWOOD, Office of Naval Research* 


Morives BEHIND the intensified search for new metals are two-fold: 
(1) Depletion of vital metals, especially such elements as chromium, 
manganese, nickel, tungsten and vanadium, is an ever-growing 
threat to the national security; and (2) the increasing demand for 
high strength, lightweight, and heat-and corrosion-resistant mate- 
rials, resulting from accelerated technological developments of the 


last decade. 
gas and steam turbines have 


Requirements of jet engines, atomic power plants, 
led to the realization that mere 


improvements in conventional metal systems cannot solve the host 
of new problems that have arisen. 

This search for new types of materials has been concentrated on 
a group of metals formerly used mainly as steel alloying ingredients. 


Known as the “refractory metals” 


points, this group includes 


zirconium, 
molybdenum, tantalum, tungsten and chromium. 


because of their high melting 
titanium, columbium, 
Table I lists melt- 


ing points and densities of these and the more commonly used 


metals. 


Because of their potentially outstanding properties, titan- 


ium, zirconium and molybdenum have been singled out for indus- 
trial consideration as the base or major elements of completely new 


types of metallic alloys. 


Availability is another consideration. 


TITANIUM 


PRODUCTION of ductile titanium has 
assured the future position of this 
metal as an engineering material. 
Its desirable properties, including 
lightweight, excellent corrosion re- 
sistance and outstanding strength- 
weight ratios were covered in a 
comprehensive survey published in 
the November 1949 issue of 
PRODUCT ENGINEERING. New data 
have been reported which fill out 
the picture of titanium’s usefulness. 


PROPERTIES. One type of annealed 
titanium sheet showed room 
temperature creep at all loads cor- 
responding to 60 to 90 percent of 
the yield strength. Cold rolling 
improved the creep behavior; creep 
became negligible at loads corres- 
ponding to 80 percent of the yield 
strength. Thus, in designing with 
titanium for high duration static 
loads, yield strength cannot be con- 
sidered alone. Curves of the type 
used for high temperature design 
should be determined. 





* This article represents only the per- 
sonal views of the author and in no way 
reflects the official attitude of the U. S. 
Navy Dept 4 
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This creep behavior is, however, 
characteristic of most pure metals. 
Most applications of titanium re- 
quire a cold worked condition and 
do not involve loads so close to the 
yield strength as to produce creep. 
In addition, titanium alloys which 
will be predominantly used, exhibit 
more favorable creep behavior than 
the commercially pure metal. 

Titanium apparently exhibits a 
transition from brittle to ductile 
behavior, similar to steel. How- 
ever, the relatively high tempera- 
ture of this transition makes it 


Table !—Melting Points and 
Densities of Metals 


| Melting Density Density 








Metal Pt., F g/cc | lb/cu in 
Magnesium...| 1,200 1.74 | 0.0628 
Aluminum.,..|. 1.220 | 2.70 | 0.0975 
Copper......| 1,981 | 8.96 | 0.324 
NOS... S, | TD 0.284 
Titanium . 3,2/2 4.54 | 0.164 
Zirconium. ...| 3,380 6.5 | 0.230 
Chromium....| 3,430 7.19 | 0.260 
Columbium...| 4,380 8.57 0.310 
Molybdenum .| 4,750 10.2 0.369 
Tantalum . 5,425 16.6 0 600 
Tungsten 6,170 19.3 0.697 
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appear that titanium may be un 
sirable for applications whi 
toughness is the primary requisi 
Fig. 1 shows the effect of tempe 
ture on notch strength of a hipt 
strength alloy. 

It is now established that cast 
and worked titanium specimens ex- 
hibit the highest endurance limit 
tensile strength ratio of all know; 
structual materials. Flexural fa- 
tigue tests of unnotched titaniun 
bars show fatigue strength (10 
cycles )-to-tensile strength ratios of 
0.8 at room temperature. Ratios 
for steel are from 0.45 to 0.55. | 
addition, the fatigue strengths 
themselves are comparable to those 
for steel. 

Titanium forged from cast ingots 
has been observed to have a marked 
response to understressing. For ex- 
ample, a specimen started at 40,000 
psi was raised 2,000 psi every 20 
million cycles, up to a stress of 
80,000 psi without failure. 

Compressive stress-strain prope) 
ties of commercially pure sheet uj 
to temperatures of 800 F, with ex- 
posure times from 3 to 2 hr, are re- 
ported to be most favorable for air- 
craft structural use. Compressive 
vield stress and modulus of elastic 
ity hold up quite well from 200 t 
800 F (Fig. 2); in fact at 800 F 
the yield stress in compression 
higher than values which had bee: 
published for tension. At al 
temperatures compressive proper- 
ties in the longitudinal directio: 
are markedly below the transvers: 
properties. This large directiona 
effect decreases with increasing 
temperature. The compressive 
strength of titanium sheet depend: 
also on the amount and kind of co 
work performed on it. 

Another outstanding property o: 
titanium is its exceptionally hig! 
resistance to corrosion in marin: 
environments. Rotating spindle 
tests in sea water at speeds of 1,14! 
rpm (peripheral speeds of 2! 
ft/sec) for 60 days indicated negli- 
gible corrosion attack. Packing 
corrosion tests to determine resist- 


ance to pitting attack from common 


packing materials have also been 
conducted. After 46 day tests 
brackish salt river water, no del 
terious effects were observed, (Fis 
3). Stress-corrosion tests, col 
ducted under tensile loads of almos 
95 percent of the yield strength i: 
similar environments, produced : 
failures over a six-month perio: 
Titanium specimens also satisfa 
torily withstood stack gas (abo 
200 F) corrosion tests. Corrosk 
fatigue resistance in brackish sa 
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water was greater than that for any 
ther known structural alloy. At 
55,000 psi the tests were still run- 
ning after 90 million cycles, where- 
as for K Monel and a 16 Cr-2 Ni 
corrosion resistant steel, fracture 
occured at about 36,000 psi at 50 
million cycles. 

Titanium, unlike stainless steel, 
can be anodized in much the same 
manner as aluminum alloys, in 
either sulfuric or chromic acid elec- 
trolytes. The adhesion of paint to 
titanium is improved by anodizing, 
when the primary coat is a zinc 
chromate primer (AN-P-656). 
With a WP-1 metal conditioner as 
a prime coat, excellent paint ad- 
hesion is obtained on both anodized 
and unanodized material. 


PROCESSING AND FABRICATION. Up 
to about 1.2 percent carbon exerts 
little effect on the forgeability and 
rollability of titanium ingots if 
operating conditions are suitable. 
Ingots containing as high as 1.5 
percent carbon have been forged 
readily at 1,700 F, and ro!ling was 
accomplished at 1,450 F without 
extensive surface or edge checking, 
except at the highest carbon per- 
centage. No edge cracking occured 
on subsequent cold reduction. There 
appears to be no reason why con- 
ventional forging and rolling tech- 
niques and equipment cannot be 
utilized for titanium if proper 
temperatures are maintained. 

Above about 0.25 percent, greater 
amounts of carbon do not appreci- 
ably affect room temperature hard- 
ness and tensile strength of com- 
mercial titanium, but do cause an 
increase in proportional limit, 
modulus of elasticity, hot-hardness 
and oxidation resistance and a de- 
crease in ductility. 

The workability of commercially 
pure titanium into useful shapes is 
established. Both seamless and 
welded and drawn titanium tubing 
are being produced. Table IT lists 
OCTOBER, 


Propuct ENGINEERING - 





+ + —+ — > 
Tensile strength, 203,000 psi 
—| — Yield strength, 190,000 psi 
Elongation, 5% in 2in 





1950 


the mechanical properties of welded 
and drawn titanium tubing, as well 
as seamless 1015 steel and welded 
and drawn Type 304 stainless tub- 
ing. The titanium tubing is arc 
welded under an inert atmosphere 
blanket to prevent embrittlement. 
Welded and annealed tubing has 
been flattened down to a bend 
radius of 5T before showing a ten- 
dency to crack, and redrawn an- 
nealed tubing can be flattened wall 
to wall without cracking. 

Currently this titanium tubing is 
available in sizes from 4 x 0.010 
in. wall to 14 x 0.072 in. wall, in all 
of the tempers shown in Table II. 
The unusual resistance of titanium 
to wet chlorine suggests many 
chemical plant applications. Titan- 
ium tubing has already been used 
experimentally in condenser tubes 
operating in salt water and in 





Fig. 3—Corrosion tests in salt river 
water show different effects on: (left 
to right) 18-8 stainless, 13% Cr steel, 
and titanium. Note difference in results. 
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chemical plant equipment. Another 
anticipated use is for aircraft hy- 
draulic lines which require light 
weight and ability to withstand 
pressures as high as 6,000 psi; 
stainless steel tubing is now used 


TITANIUM ALLOYS. A tremendous 
amount of work by private com- 
panies and laboratories is under- 
way for the development of high 
strength alloys possessing the other 
desirable features of pure titanium 
Several promising alloys, including 
quarternary types, have been 
singled out for more intensive re 
search. 

Under a Navy Bureau of Aei 
nautics Department contract, P. R 
Mallory and Company has devel 
oped an alloy of titanium contait 
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chromium, and small amounts 
carbon, which has promising roon 
temperature and elevated tem 
perature strength properties 
favorable lation resistance 
Variations in this alloy svsten 
SESER ai Dima 0 5&9 75 iie d 
ranging from 2.5-3.75 percen 
1 é - " } 
Al, 4.3-5.0 percent Cr, and uy 
to about 0.7 percent carbon have 
been investigated Aluminum 


chromium allovs of titanium can be 
forged readily within the range 
1,650-1,725 F with typical prope 
ties of about 175,000 psi tensile 
strength, 155,000 psi vield strength., 


and 8-10 percent elongation (in 


2 in.) in the as-forged condition, 
after an S5 percent reduction in 
area Cast ingots weighing as 
much as 250 lb nave bes mn success 
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WHAT'S AHEAD IN METALS 
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beam fatigue tests on a 3.2 percent 
Al-4.85 percent Cr-titanium alloy 
of 183,000 psi tensile strength have 
been run to 110 million cycles at a 
stress of 90,000 psi without failure. 
Fig. 5 illustrates the 500 F fatigue 
properties of several similar alloy 
compositions. 

Silicon additions to this alloy in- 
crease the as-forged tensile 
strength and improve the hot 
hardness up to 1100 F. Boron addi- 
tions improve the resistance to oxi- 
dation at 900 F, and in the as- 
forged state increase the tensile 
strength to 200,000 psi with a de- 
crease in ductility to 2.35 percent 
elongation in 2 in. The hot hard- 
ness is also improved; a Rockwell 
A hardness of 31 at 1,100 F was 
observed. This compares with 
Rockwell A 22 for similar alloys 
without boron. Boron seems to 
provide desirable improvements in 
the Al-Cr-C-titanium alloys, if heat 
treatments can be found to increase 
the ductility. 


APPLICATIONS.  Large-scale appli- 
cations of titanium will take ad- 
vantage of its two major attributes: 
Favorable strength-to-weight ratio, 


Fig. 4—Hot hardness properties show retention of usable 
strength characteristics up to about 1,000 F for Al-Cr-Ti alloy. 


Table II—Mechanical Properties of Titanium and Steel Tubing 


Tensile Yield Strength, Elong Hard 
Materia Strength, 0.2^5 offset, Percent €— 
+ Rockwell 
psi in san 

[itanium 85,000 max 45- 60,000 34-25 90 B, max 
1015 Steel 60,000 max 30- 44,000 42-33 65 B, max 
304 Stainless 100,000 max 34- 47,000 65—45 90 B, max 
Titanium 85-100 ,000 65- 80,000 6-15 80-95 B 
1015 Steel 60- 72,000 48- 66,000 12-26 70-82 B 
304 Stainless 115-140 ,000 70-120 ,000 18-38 95 B, 28€ 
Titanium 100-125,000 80-100,000 3-9 95 B, 25 ( 
1015 Steel 72- 90,000 64- 82,000 6-15 80-90 B 

304 Stainless 150-200 ,000 115-170 ,000 7-20 | 42 C 


and outstanding chemical inertness 
to marine environments. The num- 
erous aircraft and ship structural 
components for which titanium 
seems to be well suited may provide 
the necessary demand for the large 
scale production of low-cost titan- 
ium. Even at its present relatively 
high cost, it still represents compe- 
tition to many other metals for 
certain specialized applications. It 
seems a “natural” for many mili- 
tary applications. 

For naval use, titanium’s sea 
water corrosion resistance, high en- 
durance ratio and high resistance 
to corrosion fatigue are of partic- 
ular interest. These properties 
make it suitable for such applica- 
tions as valve seats, heat exchang- 
ers, condenser piping systems, ex- 
haust mufflers for submarine diesel 
engines, pump shafts, small pro- 
pellers and propeller shafts, steam 
turbine blading and other similar 
components. 

In jet and gas turbine aircraft, 
applications of titanium are rapidly 
making headway. Titanium has 
proven satisfactory for firewalls, 
shrouds, baffles and diaphragms. 
The major advantage of titanium 


over stainless steel for such appli- 
cations is primarily in weight sav- 
ing. For example, 0.015 in. sheet 
of stainless steel weighs 0.60 lb ‘sq 
in., whereas similar thickness 
titanium sheet weighs 0.35 lb/sq in 
In the standard firewall test, bot! 
titanium and stainless steels satis- 
factorily withstand a 6 in. diametei 
flame impingement for at least 15 
min. The temperature approache: 
2,000 F at impingement point. 
Another promising application of 
titanium alloys is for compressor 
blades and disks in gas turbines 
Preliminary test results on the 
Al-Cr-Ti alloy discussed previoush 
are promising. At present Type 
410 stainless steel is used for these 
applications; the use of titanium 
alloy for disks and blades operating 
at 400 F would result in a 300 lb 
saving. Redesign would result in 
even further weight saving. 
Several leading aeronautical com- 
panies are evaluating the fabrica- 
tion characteristics of titanium and 
alloy sheet for possible use as air- 
frame skins, edges of wings, and 
ducting of jet planes. Since it 
maintains strength at higher tem- 
peratures, these are logical uses 


Fig. 5—Fatigue properties of several high strength titanium 
alloys are illustrated by "S-N'' curves, developed at 500 F. 
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ZIRCONIUM 


The development of ductile, com- 
mercially pure zirconium has paral- 
leled somewhat the development of 
titanium. Methods of production 
and fabrication, and many chemical, 
structural and metallurgical char- 
acteristics are similar. While it is 
not anticipated that zirconium will 
receive the same degree of com- 
mercial use as titanium, its out- 
standing corrosion resistance will 
insure widespread use in the chem- 
ical industry. 


AVAILABILITY AND PRODUCTION. Zir- 
con sands, which are the basic in- 
gredient for the production of 
zirconium, are abundant in Florida 
and the Pacific Northwest regions. 
The U. S. Bureau of Mines has 
established a pilot plant process for 
the production of zirconium which 
is capable of producing 300 lb per 
week of malleable zirconium. A 
typical analysis of a zirconium heat 
is as follows: C 0.15 percent, Fe 
0.05 percent, N 0.01 percent, Hf 1.5 
0.3 percent. Thus, all following 
properties and discussion actually 
pertain to a zirconium-hafnium 
alloy and not to pure zirconium. 


PHYSICAL AND MECHANICAL PROP- 
ERTIES. Properties of pure zircon- 
ium metal made by the iodide 
process (not same as Bureau of 
Mines process) are listed in Table 
II. Pure zirconium is about 45 
percent more dense than pure 
titanium, and does not show as 
good yield strength-tensile strength 
or strength-weight ratios. Its 
strength-weight ratio is also lower 
than those for high-strength alumi- 
num or magnesium alloys, but is 
similar to annealed or normalized 
medium carbon steel. On an equal 
volume basis, the strength of pure 
zirconium approximates that of the 
copper-base alloys. 

Satisfactory commercially pure 
zirconium sheet can be produced by 
forging in air at 700 C (1,290 F) 


Cold Rolled* 


x 


dulus of Elasticity REM 14.5 
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Annealed ** 


** Annealed at 790 C (1450 | 


and hot-rolling at 650 C (1,200 F). 
The tensile properties of such hot 
rolled sheet followed by cold work- 
ing are shown in Fig. 6. Ninety 
percent of the work hardening re- 
sults from the first 10 percent of 
cold rolling, but it appears that the 
limit of cold working is still not 
reached at 60 percent reduction. At 
60 percent cold work no marked dif- 
ference in properties exists be- 
tween longitudinal or transverse 
specimens. It is believed such di- 
rectional differences will be found 
only after about 90 percent reduc- 
tions. 

The impact strength of zircon- 
ium sheet rolled at 650 C varies 
from about 18 ft-lb at —200 C 
(Charpy V-notch) to 28 ft-lb at 
600 C. Hot hardness values of 
zirconium plate (Fig. 7) are almost 
identical with those for titanium 
plate. 


FABRICATION. Workability of zir- 
conium is demonstrated by a 
wrench drop forged from an an- 
nealed zirconium rod, in the same 
dies used to produce similar alloy 
steel wrenches. Forging was ac- 
complished at 1,200-1,290 F with 
no difficulty. Zirconium is also 
adaptable to stamping and drawing, 





Table Ili—Properties of Pure Zirconium Metal 


3,300 35,900 Melting Point 
9,700 15,900 Density 
100 8,350 Specific Resistance (20 C 
18 31 
87.5 30 5 Crystal Structure 
10° 11.4 X 10 


Cx 


ld Rolled and Anne: 


1860 C (3380 F 
6.50 g/cc 


41.0 microhms-cm 


Coeff. of Thermal Expansion 4.96 cm/C Xx 10° 


ip to 862 C, hexagonal close packed 
above 862 C, body centered cubic 


for the production of small parts 

Rod and wire can also be pro- 
duced from zirconium by hot and 
cold swaging and rolling. Hot 
working requires periodic cleanings 
and cold rolling necessitates inter- 
mediate anneals. 

Zirconium can also be hot ex- 
truded. Annealed and hot-rolled 
zirconium sheet can be bent 180 
deg on a 3T radius. Ten percent 
cold work increases the minimum 
bend radius to 8T, and 20 percent 
or more cold work raises it to 12-16 
T. Thus cold work rapidly de- 
creases the formability 

Zirconium can be spot welded 
without difficulty, and can also be 
Heliare welded. Riveting, crimping 
and slotting also present no prob- 
lems. No difficulty has been re- 
ported in machining ductile zircon- 
ium; it machines like soft, plain 


carbon steel. 


CHEMICAL AND CORROSION PROPER- 
TIES. Massive zirconium reacts 
rapidly with oxygen and nitrogen 
at elevated temperatures, resulting 
in hardening and embrittlement 
Below about 1,300 F the metal can 
be processed in air for short periods 
of time without serious embrittle- 


ment, and at temperatures lower 


Table IV—Properties of Zirconium Alloys* 
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WHAT'S AHEAD IN METALS 


than 900 F only minor 
Hvdrogen is readilv ab 


sorbed above about 600 F. Dut Cal 


Ox1datlo} 


. i 
results 


be removed by heating at about 
1,500 F in vacuum 
Zirconium reacts readily with the 
halogens at temperatures bet 
100—750 F to form volatile com- 


pounds. It has been reported that 


ween 


chlorine water and solutions of 


halides capable of liberating chlo- 
rine embrittle zirconium badly. 
The corrosion resistance of zir- 
conium is good. Its resistance to 
corrosion by alkalis is outstanding, 
better than tantalum, titanium o 
18-8 stainless steel. With respect 
to acid resistance is 
quite good except for hydrofluori 


and very concentrated sulfuric and 


: i 
attack, tne 


phosphoric. Its acid resistance is 
better than that of titanium and 
almost as good as that of tantalum 
about 400 F 
differential of 300 


In a 500 hr erosion-corrosion test 
at a temperature ol 


and a pressure 
psi, zirconium 
much smaller 


samples showed a 
weight change than 
samples oft 


18-8 stainless, carbon 


steel, and aluminum 


ALLOYS OF ZIRCONIUM. As with 
titanium, extensive research is un- 
derway for the development of zir- 
conium alloys of superior strength 
and temperature resistant proper- 
ties. Table IV shows properties of 
some of the 


studied. 


preliminary alloys 

The physical properties listed are 
representative of annealed or 
slowly cooled allovs. Molybdenum 
and titanium have the greatest in- 


Fig. 6—Effect of work hardening on the mechanical properties 
of zirconium sheet, hot rolled at 650 C, and cold worked. 


or ! 


reasing the room 
emperature strength of zirconium. 
Aluminum, tantalum, 


4 


tungsten, 
chromium, columbium, nickel and 
silicon more than double the normal 
Aluminum had the 
increasing the hot 


Most of the alloys listed 


vield strength. 
greatest effect 


strength. 








were readily rgeable. A loys 
with the best heat resistance at 
1,200 F nave tne lowest } n 
temperature strength properties. 
At this stage of the investigation, 


none of the alloys studied appear 


Oo be satisfactory for high temper- 





ature applications, although uj 
about 1,000 F some may be use 
FUTURE OF ZIRCONIUM. Based 
development of the Bureau of Mini 
magnesium reduction process, 
conium may have an initial pi 
of 5 dollars per lb for sponge. 
resistance of 
to alkalis and certain a 
may make it a likely replacem 
f for certain appli 


The excellent 


conium 


for tantalum 
tions. A major field of structu 
applications apears to lie in 
chemical industries 


MOLYBDENUM 


The useful temperature limit of 
aval'ablPe high temperature mate- 
rials is approximately 1,600 F, and 
it is not anticipated that this limit 
will be raised to any large degree 
by alloving modifications. A num- 
ber of new materials are under in- 
vestigation for operation above 
1,800 F. Among the most promis- 
ing are molybdenum and molyb- 
denum base alloys, particularly for 
sheet applications. 

One favorable and important at- 
tribute of molybdenum is its avail- 
ability in the United States, which 
produces about 90 percent of the 
known molybdenum production of 
the world 


PHYSICAL PROPERTIES. Molybdenum 
is now commercially available in 
the form of wire, rods, bars, sheets 
and other shapes. Production of 










Fig. 7—Effect of 
metals. Hot hardness of zirconium and titanium are identical 
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larger size ingots is increasing t 
size of sheet material available 
to the limitations of the rolling a: 
fabricating equipment. 

Above about 1,700 F, moly! 
denum exhibits high temperatu: 
strength properties superior t 
many currently used high tempera 
ture alloys, as shown by Fig. 8 
Table V lists some favorable phys 
cal properties of molybdenum. 


Table V—Average Physical Properties 
of Molybdenum 
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Strength properties are a func- Table Vi—Mechanical Properties of Pure Molybdenum 
m of fabrication, directionality 
d strain rate. The effects of an- 


at Elevated Temperatures 
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Fig. 8—Representative high temperature tensile properties of 


Fig. 9—Effect of annealing on properties of arc-cast hot rolled 
heat resistant metals show favorable properties of molybdenum. 
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Fig. 10—Hardness of molybdenum-base alloys at 1,400 to 1,600 F. All mate- 
rials were cast and annealed at 2,400 to 2,450 F. except as noted. 


FABRICATION PROCESSING. 
Molybdenum can formed into 
all shapes normally possible by 
powder metallurgy methods, The 
metal can forged, rolled, ex- 
truded and formed into a variety 
of shapes, including forged octa- 
gonal, and round bars, 
forged sheet bar, hot rolled and 
cold rolled sheet and rolled rounds. 
It can also be spun or formed by 
leep drawing. 

Because of the high transition 
temperature of molybdenum it is 
ften preferable to conduct such 
yperations as shearing, bending, 
crimping, drawing, upsetting and 
spinning at slightly elevated tem- 
peratures (about 200 C) to mini- 
mize the possibility of brittle fail- 
ire, particularly for heavier stock. 
Thin sheet can be drawn and form- 
ed cold. When applied stresses are 
complex, the rate of deformation 
should not be high. 

Molybdenum can be successfully 
spot welded and arc-welded but the 
weldment is brittle at room tem- 
perature. Ductility of the weld- 
ment increases at elevated tem- 
peratures, allowing it to be hot 
worked. Production of ductile 
molybdenum welds by ordinary 
welding procedures will probably 
have to await solution of the more 
general problem of improving room 
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square 


temperature ductility in molyb- 
denum. 
CORROSION AND OXIDATION. Molyb- 


denum does not have general cor- 
rosion resistance as good as zir- 
conium or tantalum but it has out- 
standing resistance to cold or hot 
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also resists 
regia, dilute 


hydrofluoric acid. It 
attack by cold aqua 
sulfuric and concentrated hydro- 
chloric acids. Rapid reaction oc- 
curs with hot concentrated sulfuric, 
dilute nitric and hot dilute, hydro- 
chloric acids. 

From a high temperature struc- 
tural material viewpoint, the most 
important chemical characteristic 


of molybdenum is its extremely 
poor oxidation resistance above 
1,400 F. This is one of the most 
serious limitations that must be 
overcome for the application of 
molybdenum as a_ heat-resistant 


material. 

Coatings of aluminum and nickel 
have provided some degree of pro- 
tection, but the most promising 
protection has been displayed by 
coatings of molybdenum disilicide. 
Life tests of over 5,000 hr at 1,800 
F and over 1,400 hr at 3,100 F 
have been obtained with coatings 
2 to 3 mils thick. The coatings 
have also shown good service under 
load, and when subject to thermal 
cycling. The coating melts at 
about 3,500 F, limiting the useful 
temperature range. Methods still 
need to be developed for deposition 
in thicker layers and in a more 
feasible and economical manner. 
Vapor deposition techniques are 
currently being used. One of the 
disadvantages of all these coatings 
is that either the temperature of 
deposition or of the diffusion treat- 
ment is above the recrystallization 
temperature of molybdenum, which 
then renders the metal more sus- 
ceptible to brittle failure. Methods 
still remain to be developed for the 
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"low-temperature" application oí 
protective coatings. 

Some ceramic coatings develope: 
by the Bureau of Standards showe: 
no deterioration when exposed ir 
air at 1,650 F for 70 hr. 
firing temperatures of ceramic coat. 
ings are also above the recrystal- 
lization temperature of  molyb. 
denum. 


ALLOYS OF MOLYBDENUM. The po- 
tent effects of many of the elements 
in increasing the hot hardness of 
molybdenum are shown in Fig. 10 


This hardness increase complicates} 


the problem of fabrication of cas: 
ingots. The hardness of are cas: 
molybdenum at 1,600 F is 70 VPN 


However f 


and only those alloys which do notj 


increase the hardness at 1,600 F 


to more than 90 VPN are forgeable § 


However, the allovs might be hot 
worked to a 1,600 F hardness as 
high as 180 VPN if suitable extru 
sion dies could be developed. 


Until hot working techniques can§ 


be developed to utilize the ful 
strengthening potentialities of al- 
loving elements, the selection of a: 
alloy for applhcations requiring 
hardness and strength at elevated 
temperature will necessitate com- 
promises between the desired hard- 


ness and the ability to hot work] 


the alloy. For certain shapes and 
applications powder’ metallurgy 
techniques may prove to be most 
feasible. Possibilities also exist 
that ternary or more complex alloy 
systems will have satisfactory oxi- 
dation characteristics. 
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functionally perfect product 
jis not enough in a competitive 
market. The product must look 
like it will efficiently perform 
the job, and it must be attrac- 
tive in appearance. Finish of 
course, is an integrol part of 


appearance. It may well be re- 


“sponsible for the commercial 


"d 


IVa 


—"'"— 


success or failure of a product. 
Product Engineering presents 
the first of a series of articles, 
illustrated in ful! color, to eval- 
ugte the field of surface coatings 


for-appeorance ond protection, 





































Which Coating 
for 


Gray Iron? 


CHARLES O. BURGESS 


Technical Direct G 


A peuications for gray iron can be greatly 
expanded if surfaces of castings can meet a wid 
variety of finish specifications. Since gray iron is 
in many respects one of the most economii 
base metals, careful considerat 
finishes is worthwhile. By utilizing the strel 
and economy of cast iron, and the surface chara 
teristics of a specific finish, considerable savings | 
can be effected, when compared to the us a 
more expensive base l 

In general, most surface coatings can 


into two categories: Non-metallic and metallic 





This article is concerned with the rmer 
organic and "chemical" finishes and the latter | 
will be covered in a subsequent issu: t P i 


Engineering. 


Organic Finishes Are Versatile 


Organic paints, lacquers and enamels are et- 
fective and convenient in improving appearances 
and in protecting the casting surface against rust | 
ing and special corrosive conditions. On grav iror 
or other ferrous materials, such finishes forn 
continuous, inert film, thus preventing contact 
with corrosive atmospheres, liquids or gases. Th« 
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almost limitless variety in color and texture wł 





























Cigarette-making machine castings: Inside surfaces finished with organic 






























sealer, and outside paint baked over sealer. Top, drive printer cover; center, 
drive gear housing; bottom, dome for cutoff knife adjuster. Yellow dome 
shows inorganic chromate primer. 4 Ma i y Compa 


Cast housing for thrasher on tobacco leaf stemming machine is finished with 
synthetic resin sealer and paint. Synthetic resin finishes are becoming 
increasingly popular for gray iron castings. American Machine and Foundry Company 
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finishes the mos ittractlve 
ings for decorative purposes i 
provide easily cleaned surfaces 
heir high light reflection i! 
i € 
safe 
* { 
sil t t t t d rs il 
ing 1s compiex and Is rapt 
panding, it is difficult to « 
the many materials on the ma 
or to Make a final cnolce ra 
for a specific application. Hows 
at the risk of oversimplificat 
cese i . Or 
organie finishes used to coa 
. . . Dx 
iron can be divided into three n À 
pi à 1 
types, which are different mainly 
i f ] — 9» 96d i al 
kind of base material or "vehi 
pt 
l. Oleoresinous or varnis] 


finishes are composed of dry Ing 


linseed, tun 


or syntneti¢ 


1 


£g, soya), natural 


resins, and pigme 


Petroleum thinners, metallic 
and other special agents are us 
added. This finish is the slow pign 
drying even if baked, and the le = 
expensive of those used on = 
iron. High solids content pern rerai 
deposition of heavy films, but - 
retention under heat, chemical = 
sistance and film quality are a 
fair. Although oleoresinous finis —- 
are still in use, there is a tender — 
to convert to the more rapidly us 
ing lacquers or synthetic resin " 
finishes. a 
2. Lacquers consist of nitroc -— 
lose resins, plasticizers and pign 
dissolved ir 


vents of the 


The finish film forms when 
solvents evaporate. Lacquers 


dry more qu 
and can be 
tures up to 
widely whet 


of prime importance. Recent 


provements 
and chemic: 
films have : 
cial usefuln 
are thin, t 
primer and 
3. Synthe 
consist of 
resins, comł 


drying oils for the non-volatile | 
tion, and volatile petroleum or í 
tar solvents. Many synthetic r« 


types (sty 
amine and 


veloped for specific applicati: 


Synthetic r 
mediate in : 


oleoresinous and lacquer finis! 
They can be baked at comparatis 


high tempe 
350 F), and 
selves to fa 


often competing with lacquer 


speed of dr 


| volatile organi Ca 
ester and alcohol t: i 


ickly than other finis 
force dried at tempt 
180 F. They are ap} 


'e speed of finishing 


in toughness, durab 
il resistance of lacq 
idded to their comn 
ess. Because the fi 
hey are used ovel 
or filler. 

tic resin base fini 
one or more synthe 
jined with pigments : 


rene, phenolic, alk 
vinyl) have been 


esin finishes are int 


ir drying rate betw: 


vratures (usually 2 
consequently lend th: 
st production schedu 


ying. They are toug 





























nort resistant to chemicals 
the two other tvpes. Whether 
ried or baked, thev have un- 


allv good film life, 


quality, and 


earanczc« 

mbinations of two of thes 

es may sometimes be valuable 
specific purpse. For example, 


iddition of synthetic resins to 


er resuits 1n 


à finish 


Omitted i main 


pes is common oil-type paint, con- 


| these three 
ting simply of a pigment, drying 
| and suitable solvents. This paint 
pe is gradually being superceded 
the three types described and is 
widely used on 


gray iron. 


l'he division of finishes into three 
pes was based on the composition 
f the vehicle carries the 
pigment. However, within a given 
lass or type the pigment-binder 
tio—the amount of pigment in 
elation to the amount of non-vola- 
le solids in the vehicle—can be 
iltered to meet a specific applica- 
ion. For example, with a given 
paint a low pigment-binder ratio 
vill be selected if a high gloss typi- 
al of an enamel is desired, whereas 

high pigment-binder ratio is 
hosen if filling qualities are more 
important than a brilliant 


which 





gloss 


Cast iron structural parts of printing machine, including 
with synthetic resin (alkyd type) sealers and paints, which resist the action of printing inks. 


SPECIAL TEXTURE FINISHES. Attrac- 





tive finish coats for gray iron 
which eliminate expensive filling, 
smoothing id sealing operations, 
have recently been developed These 
one- or two-coat finishes give ade- 
quate protection for most indus 


lications and 


prove surface appearance at mod- 


erate cost These coats i! ice 
combinations of various colored 
metaill enameis, resuiting n at 
tractive three-dimensional charac- 
ractivt tnree-dimensiona narai 
i ; i 
teristics These so-called wri 





hammered, or spatter finishes 
well with and de-emphasize small 


irregularities of as-cast surfaces 
Wrinkle finishes are sprayed di- 
rectly on castings. Their character- 


istic appearance results from con- 


traction of the upper layers of t 
sprayed paint ridges during 
drying. The wrinkle finishes, 
mally one 
must be 
texture 
very 


rit 
into 
nor- 
coat applications which 
baked, can be varied in 
from very 


coarse 


suede to 


fine 
pine tree) patterns 


all ( 


olors Dut 


They are effective in 
the lightest. 

The “hammered” finish effect is 
obtained from metallic powders, 
isually aluminum, suspended in the 
paint. The “pattern 
greatly enhances 


illusion’ 
appearance of 
Hammered 


finisnes, ike 


castings. 


gear and drive housings and switch 
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COMPLETE FINISHING SYSTEM. For 
a still more protective and decora- 

coating 
described, a standard finishing sys- 
tem has been developed for gray 
iron machine parts, but is applic- 
able to any casting. Oleoresinous, 
lacquer or synthetic resin base fin- 
ishes or combinations of these can 
be used, depending on the require- 
ments of cost, speed, toughness and 
corrosion protection. 

1. The casting is first sand or 
grit-blasted and deburred. 

2. If oil or grease are present, 
standard alkaline cleaners can be 
used. Oil should be removed if 
lacquer finishes are to be applied. 
There is on the market a useful 
cleaning preparation containing 
solvents and phosphoric acid, which 
can be wiped on a large casting to 
remove rust and produce a good 
surface for organic finishes. 

3. Immediately after cleaning a 


than those previously 


106 


This may 
contain corrosion inhibiting pig- 


primer should be applied. 


ments such as red lead or zinc 
chromate, especially if the casting 
is to be stored previous to ship- 
ment or further finishing. Interior 
machine or engine parts that will 
not be further finished, such as 
gearcases, should be coated with a 
special primer known as a “‘crank- 
case sealer" which prevents adher- 
ing sand or other abrasive material 
rom getting into the oil, and pro- 


i on of the 


tects against corrosive act 


] 
Í 


lubricants. 

t. Filler or glazing putty is next 

i * squeezed onto the surface 

to smooth out any surface rough- 
ness. On small castings this filler 
can be applied by spraying. 
5. The filler is then sealed with a 
at of “‘sealer” or surfacer to give 
maximum smoothness and mini- 
mum absorption of the finishing 
coats. This is a synthetic lacquer 
with a very low pigment-binder 
ratio. 

6. After machining and assem- 
bly, another coat of sealer is some- 
times used to repair any marring 
of the surface, and the desired type 
of final surface coat is then applied 
by dipping, spraying or brushing. 


SPECIAL SYNTHETIC RESINS. In re- 
cent years many synthetic base 
paints have been developed for 
specific applications. The oldest of 
these are the phenolic resins, char- 
acterized by their corrosion resist- 
ance, abrasion resistance, electrical 
insulating properties, and resist- 
ance to moisture and weathering. 
They are applied in the food indus- 
try, beer and wine industry, in 
chemical laboratories, and in high- 


Propuct ENGINEERING 


temperature electrical equipment 


The amine-formaldehyde resins, 


ially modified with alkyds, are used 
in kitchen, bathroom and hospita 
equipment, where their excellen: 


color retention and resistance pr 
erties are especially desirable. M. 
amine-formaldehvde resins 
color retentive even at very h 
temperature and find application 
stove parts and electrical access 
ies. Of potential importance whi 
price is a secondary considerat 
are the silicone resins which ha 
unusual hardness, toughness 
resistance to heat, chemicals 
cluding dilute acids) and weat! 
ing. 

Two other types of syntheti 
vinyl resins and chlorinated rub 
base paints, have recently assum: 
great importance. The vinyls 
resistant to abrasion, caustic, mí 
ture and corrosive conditions, ar 
are completely lacking in tas 
odor or toxicity. They are thus pa 
ticularly adapted to use in the fi 
industry and in chemical manuf: 
ture. Chlorinated rubber b: 
paints, because of their super 
chemical resistance, in addition 
hardness and rapid drying, 
being widely applied in washi 
machines, commercial laundry a 
bottling machines, acid plants 
oil refineries. These synthetics « 
be either air dried or baked. 


ASPHALT OR PITCH-BASE ENAMEI 
JAPANS. Asphalt or pitch-b: 
enamels are applied where 

creased resistance is desired to 
kalis, sewer effluents, acids, 

continued exposure to tap wate 
They are applied either hot or c 
In the hot process, castings, larg: 
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| pipe fittings, are immersed 
in the liquid bath at approximately 
300 F. The castings themselves are 
isually at an elevated temperature. 
In cold applications, the enamels 
ire largely limited to the asphaltum 

because of its superior solu- 

in the petroleum spirits used 
as thinners. The quick drying char- 
acter of these enamels (10 min 
70 F) and the ease of surface prep- 
aration have made them popular. 
These can be sprayed, dipped « 
rushed on the casting. 

Japans vary from the low cost 
type containing Gilsonite or as- 
phalt dissolved in petroleum thin- 
ners to more expensive varieties 
compounded to resemble lacquers 

vegetable oils and plasticizers 

of very slow drying quali- 

,U almost always baked 
at elevated temperatures (usually 
over 400 F for approximately 4 hr 
They are naturally brownish-black 
to black in color (*black japans") 
and lampblack is sometimes added 
to increase opacity. A hard, glossy, 
durable and abrasion-resistant film 
with good resistance to moderate 
heat and acids can be developed. 
This, coupled with economy, has led 
to their use on heaters and similar 
equipment. However, the cheaper 
grades of japan may exhibit film 
brittleness and lower corrosion re- 
sistance than higher cost paints. 


ALUMINUM PAINT. Aluminum metal 
pigment in an oleoresinous or syn- 
thetic resin base paint produces a 
finish resembling a layer of solid 
aluminum. This metallic pigment 
“leafs”; that is, the flakes migrate 
to the surface of the paint film 
during drying. The finish is resist- 


Evolution of a finished knife bar casting: 
Left, as-cast condition, just out of the mold. 
Center, casting has ben sandblasted, snagged, 
and ground, to remove “flash”. If oil or 
grease are present, standard alkiline cleaners 
can be used at this point. It is now ready 
for coating operations. Right, knife bar cast- 
ing has been primed, filled, sanded and sealed, 
and is ready for assembly. After machining 
and assembly, another coat of sealer can be 
applied to repair any marring of the surface, 
followed by dip, spray or brush application of 
a final coat if desired. Harris-Seybold € 


pany 


ant to corrosive atmospheres and than the dry proce 
heat, and is particularly useful in where deep pockets 
giving interior machine parts max- are encountered. F 
imum visibility. tures of 1,450 F 


ceeded, 
Vitreous or Porcelain Enamels In the dry process, 
divided enamel is dusted 
Porcelain enamels are composed  iouslv dipped 
inorganic material, ceramic in coat of a 
the 1,600 F 


casting at high temperatures. Vit- 


e 


nature, and must be fused onto 


reous enamel has almost complete 
chemical and corrosion resistance. 
Acid resistant enamels which can 
resist all common acids except hy- 
drofluoric are available. The resist- 
ance to alkalis, though not 
great, is sufficient for 
cations. The extreme 
scratch-resistance 
enamel coatings permit the 
enameled castings where abrasion 
would quickly destroy an organic 
coating. Vitreous enamel finishes 
range from very high gloss to 
matte and can be produced in 
wide variety of colors. Because of 
their refractory base, they can 
used at high temperatures 
withstand violent changes in tem- 
perature. 
Vitreous enamels can be applied t of the en 
by either the wet or dry process. : Color desired, gloss o: 
In the wet process the basic enamel finish, and degree of resistan 
(or frit) is suspended in a water  quired to acids, alkalis, weath 
solution of certain electrolytes hot water, soil corrosi 
which is then dipped or sprayed i | 
onto the casting. This process can high temperature 
be used on any size castings, bu White enamels are 
1 


ng and abrasion, 


+ 


1 


is usually applied to medium weight cording to the oxide whi 
and small castings. Although some as the opacifier—antimony, 
one-coat enameling is done, it is ia, or antimony-zirconi: 
more usual to apply three coats, tions. The antimony 
which are generally thinner and l 

more opaque than in the dry proc- 

ess, The process is more flexible 
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e | ratch and abrasion r« mposition ean be enameled. Good though firmly entrenched in ay l 
Zirconia enamels, while foundry practice and a surface free cations such as sanitary ware, h su 
rer resistance to acid, from pinholes is more important not received recognition comm í 
e highest ol all in alkKall r« t than anaivsis It is advisable to surate with their high resistance 
higher than antimony keep the combined carbon fairly service hazards. The advantage | 
ne n resistance to thermal low (approximately 0.40 percent enameled castings lies in their 
Z nia enameis aiso pro and avoid alloys that affect carbide sign, which makes them much l 
etter finish and, since tney stabilization. Sound castings that subject to warpage and distort 
ite) pacity, or hiding an be sandblasted to a fairly than wrought, sheet or welded 
í n be applied in thinner smooth surface are required semblies. The final enameled t 
[o some degree the advan- Design of castings intended for ing, because of its resistance: 
es of both types can be obtained enameling is important. Care flexure and its high vibration 
formulatior should be taken to avoid castings sorption, is also much more res 
Recently titania opacified en- with uneven section thickness, as ant to flaking of enamel than 
rie have aroused interest because these will not heat ip iniformly ner wrought steel parts. XIDI 
their resistance qualities, ability during firing and thus may cause Iron castings finished by vitre S 
be applied in thin coats, high blistering of the enamel. Corners  enameling have found wide us € 
ratch resistance and thermal both inside and out, should be industry and in the home, wh: 
shock resistance. Their application rounded and the radii of filets Wear resistance and sanitation 1 "- 


to gray iron using the dry process should be generous. quirements are at a maximu ICK 
may be somewhat delayed because Decorative patterns can be ap- Many applications in the chemi DOWt 


their melting points are higher plied over or made a part of the industry have been found. E 
than conventional enamels This fused enamel. Possibilities of im- : i Sel 
itai i is Eis Chemical Conversion Coatings 

limitation does not exist in the we proving sales appeal through pro- 

process; widespread interest is duction of artistic effects. are only Chemical coatings are formed 


shown in developing titania enamels beginning to be effectively ex- the conversion of the iron or all 
suited to gray iron castings. ploited. ing elements on the surface of 


Cast irons in a wide range of Vitreous enameled castings, al- casting into a metal compound, 


lobac« 





Color-finished gray iron castings include mixer base and Printing machine frame casting, showing surfaces which 
top, two table bases, scale housing, and stool base—coated are to be “hidden” after assembly left with coat of syn- 


with porcelain enamel. (desse Sinünns Foniy Cupi thetic resin (alkyd) sealer. F 


box ca 
and a 


ord Instrument ( 





Ws 


» Which dept Special-effect organic finishes: Spatter, one-and two-coat hammer, veiled 
ve 900 F in the 


lacquer, wrinkle, and webbed lacquer. 


Tobacco leaf stemming machine. Side frame and drive Side 
box castings have been coated with primer and/or sealer 
and a synthetic resin. A Ma 


frame of large printing press is a gray iron cast 
which has been treated with an organic sealer, and finished 


ind | Compa with a synthetic resin paint. 


eror wm o » 





Corrosion-inhibiting primer, on gray 
is dried in infra-red heating tunnel. 


t! 


processes for the blackening of 
gray iron which vield excellent ad- 
herent black oxide coatings. These 
involve the use of special addition 
agents to the alkali-nitrate bath or 
the dipping of the casting in a 
solution subsequent to 
treatment in the bath recommended 
for The final coating is not 

oxide coating, but 


a pure ferric 
oxides of manganese 


p l1 
special 
steel. 


may contain 
and mixed sulfides. 


PHOSPHATE COATINGS. These con- 
sist essentially of a layer of iron 
phosphate crystals plus zinc or 
manganese phosphate crystals. 
Since they are chemically neutral, 
such coatings protect the surface 
from progressive corrosion by the 
atmosphere; the surface is an ex- 
cellent base for paint, and they aid 
in preventing seizing of wearing 
parts during “break-in”. 

There are three main types of 
phosphate coatings: The first type, 
a light, highly absorbent coating 
deposited on the casting surface by 
dipping or spraying the casting 
with a zinc phosphate solution, is 
used as a base for paint. The phos- 
phate layer prevents corrosion 
from spreading under the paint, if 
the protective film ruptures. One 
of the many applications of the 
process in gray iron electric 
motor parts that are often exposed 
to corrosive atmospheres. 

If painting is unnecessary or un- 


is 


110 


r Rust Pr 


iron cylinder blocks, 


sion 


Campbell, Wyant a^d Cannon 


desirable, such as in castings for 
indoor applications or in threaded 
parts, a thicker (0.0003-0.0005 in.) 
zinc- or manganese-iron phosphate 
layer produced by treatment 
with acid zinc or manganese phos- 
phate solutions. Iron castings sub- 
mitted to this treatment find wide 
use in such applications as automo- 
tive parts, farm implements, tire 
molds, metal cases, and ornamental 
iron. 

A third type of application 
utilizes a relatively thin coating 
(0.00004-0.00006 in.) of manganese 
iron phosphate, rendering the sur- 
face highly absorptive to oil or a 
suspension of colloidal graphite in 
oil, greatly increasing the lubricat- 
ing qualities and permitting rapid 
“break-in” of moving parts without 
scuffing, seizing, or welding. Cylin- 
der liners, pistons, piston rings, 
valve tappets, gears and crankshafts 
are typical castings that are com- 
mercially phosphatized. 

Surfaces to be phosphatized 
should be machined or sandblasted, 
and freed from any oil and grease, 
usually by immersion in an alkaline 
cleaner. The phosphatizing solu- 
tions are proprietary, and consist 
of zinc or manganese phosphate, 
free phosphorous acid and accelera- 
tors. Phosphatizing operations 
must be conducted at elevated tem- 
peratures (180-210 F). Thin zinc 
phosphate coats for paint-bonding 
are usually sprayed on the casting 
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Typical racking setup for chemical immer- 


treatment of cast iron valve guides 


thicker coatings ar 
dipping the casting. For 


parts barrels are 


while 
by 
rotating 


used. 


Cement Lining and Armor 

Cement lining is one of the n 
effective and economical methods 
protecting iron } 
pipe, against 
and salt waters. 
form an excellent base for 
lining. Although the cement 
originally somewhat porous, wat 
seeping through the lining tends t 
form corrosion products which, i! 
turn, appear to react with constit 
ents of the cement effectively pl 
ging the pores and preventing 
inhibiting further corrosive atta 
With brines or salt water, alun 
type cements are recommended 
some authorities. Some 
tions include spraying, dipping 
brushing a seal coat of water-pi 
bituminous paint over the cen 
lining. Such a seal coat will prol 
the life of the lining and is part 
larly necessary in contact 
waters corrosive to im 
bonate, such as water of low 
linity. 
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EDITOR’S NOTE: An article by 
Burgess, covering “Metallic C 
ings for Cast Iron", will be ] 
sented in the December i 
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ssue 


ENGINEERING — Oc 10nrR. 





The Standard Fractional 
Horsepower Motor 


Motor With Worm Gear 
Speed Reduction 


Special versus Standard 
FRACTIONAL 


Motor With Integral 
Spur Gear Reduction 


Resilient Mounting 
For Vibration Isolation 


HORSEPOW ER 


Motor For Flange Mounting 


R. R. EVERETT 


Bodine Electric Company 


WHILE IT IS IMPOSSIBLE to give the 
exact formula for a good designer, he 
must certainly be part engineer and 
part economist. Day after day, deci- 
sions must be made that affect not 
only the performance of the final prod- 
uct, but its cost as well. A typical 
problem is the specification of frac- 
tional horsepower motors. Whether 
to specify a catalog motor or a "spe- 
cial” is a question that is best solved 
only with a thorough knowledge of 
characteristics, application and cost. 


Assembly Bolts Extended 
For Mounting Purposes 


MOTORS 


Modified motors solve many design 
problems. But cost must be watched. 
Here are some typical “specials” and 


the 


Many factors are involved in choos 
ing a motor for a small machine or 
instrument 
Usually, the designer cannot select 
voltage, or frequency, since they are 
already fixed for a particular product 
by electrical codes, general acceptance 
or by the power available. 

Once the power supply is known, 
the characteristics of the driven load 
are determined. A motor with per- 
formance characteristics coinciding as 
nearly as possible to the load require- 
ments is chosen as a starting point 
The accompanying chart, Table 1, is 


The power supply is one 
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factors 


maximum amoient 


that determine whether 


they should be chosen over "standards". 


helpful 

ty pe ot motor 
have to be 
example, the 
peratures in 

f 

operate as well as 
should be The 
10 € 
ire Nor- 


taken into account 


standard motor is designed for 


motor windings is 10 A ventilated 
motor may carry the load placed on it 
in an open atmosphere without exceed- 
ing the permissible temperature rise, 


but if placed in an enclosure of great 


111 





———————— ÁREA ing damage or breakage. On load 
this kind or on loads that may 
or involve shock from other causes 
safety clutch or shear pin should 
placed between the drive shaft and 
driven device. To obtain longer e 
life, the motors should be applied 
that the maximum load on a varvi 
load cycle will not recur on the sa 
gear teeth. 

In general, 


Table I-Fractional Horsepower Motor Selection Chort 


Synchronous 


polyphase 


Split-phase 
compound 
Polyphase 
Synchronous 
Synchronous 
capacitor 
Shaded pole 
Series governor 
Capacitor 
Capacitor stort 


Shunt or 


CURRENT SUPPLY 


these are the 

that must be given attention in 
application of small motors. Ot! 
points require consideration depend: 
yn the nature of the machine and | 
At this point in the design analys 
will have 


Continuous 
intermittent 
ROTATION 


Unidirectional 


the engineer found wh 


motor should be used to give the 


ele ë -— product performance. If this motor 
Reversible of rest only | | | | i 


standard catalog item, his jol 
done. But if | 
dicated, the designer must reconsid 
his selection with mind. H 
must be prepared to approximate 


spi ial motor 


"Rev. at rest or rotating 


price in 
Constant fixed f 





Constant adjust 


cost of the motor modifications bet 
leciding whether or not the use ot 
special motor is economically justifi 


‘Variable 


Frame Modifications 


STARTING CURRENT 
sn 
Normal 


Base and frame of the conventii 
fractional horsepower motor 








piece. This standard frame is 

tory for most applications such as fa 

blowers, office machines, pumps 

conveyors. At times, a special 

frame structure 

center ring, base and two end shi 
might be specified to advantag 


* Storting torque high for series motors with normal speed ratings of 5200 rpm or more 
t Starting current appreciably lower thon for split-phose motors 


piece consisting 


restriction the final temperature be- part of the design analysis. This may 


comes too high. The solution is either 


to limit the 


motor b 


temperature rise of the 
alter the 
enclosure in which it is placed. The 
ambient and temperatures 
also influence the selection of the most 
suitable lubricant for long motor bear- 
ing life 


y forced cooling or 


operating 


For fractional horsepower motors as 
well as those of larger size, duty cycle 
is of prime importance. Severe duty 
cycles, such as frequent acceleration, 
varying loads and plugging, may have 
a heating effect on the motor that is 


be one of the determining factors in 
specifying ball bearings or sleeve bear- 
ings. Thrust bearings may be neces- 
sary in connection with sleeve bearing 
units. The mounting position will also 
determine arrangements for proper lu- 
brication of some motors. 

Fractional horsepower motors are 
available in a large assortment of 
standard specifications for machines 
rotating at speeds lower than the mo- 
tor shaft speeds. The motor and speed 
reducer are combined in an integral 


This arrangement enables the desig 
to make modifications simply. Spc 


end shields, center ring or base 


be ordered to meet the particular nc 
of an application. If an intergral fra: 
structure is ordered initially, any s 
sequent changes that affect the fra: 


design will be expensive. 


Some motors are provided with 1 
or base plates rigidly attached, thro 


which screws are fastened to 


mounting surface. Others have tap; 
holes in bosses on the center ring 


Opp 


Tap 


unit conserving valuable space. Both 
worm and spur gear reductions are 
available. These are standard units 


which base plates are attached. 1 oth 
separable base plates offer greater fi som 
ibility in mounting. Where limited 7 
with some small motor manufacturers. space is available, the base may usu. 

Worm gear reductions are especially omitted if the screws can be brou; 
adapted to slow speed drives because u 
high ratios can be built into a small 
enclosure. Spur gear reducers are 
usually more efficient than worm gear 
reducers but often require more space 
and are generally not as quiet. Care 
must be taken in applying worm gear 
drives or spur gear drives of high ratio 
to see that loads of high inertia are 
not coupled directly to the drive shaft. 
The momentum of the load during 
starting or stopping may transmit 
severe shock to the gears, possibly caus- 


greater than that calculated for normal 
starting and running requirements. On 
the other hand, when the duty cycle is 
light an intermittent duty motor may 
do the job. While most motors, with 
the exception of series-wound units, 
are rated for continuous duty service, 
there may be instances where valuable 
space can be saved by using a smaller 
motor rated intermittently. 

The condition of the surrounding 
atmosphere is an element to be ob- 
served. High humidity or corrosive 
atmosphere call for special insulation 
and special treatment of metal parts 
for satisfactory motor life. The posi- 
tion in which the motor is mounted is 


out] 
from below the mounting surt sha: 


Although the standard motor out! 
be quiet and free from vibration, rc: is ¢ 
ent mountings are available where the 
treme quietness and freedom from whe 
bration is desired. The mounting à 
illustrated above employs rubber 
shear, reducing vibration to a 
mum. 

Another common modification 
the conventional motor is the fla: 
type end shield. This permits the : 
tor to be supported at one end. 1 


Propuct ENGINEERING — OCTOBER, lí 














ma S T E 


Table II- Schematic Wiring Diagrams for Fractional Horsepower Motors 


ccc LL LLL LLL LLL MM 








Split phase and synchronous Shunt wound 4 lead reversible Compound wound 5 lead reversible 
split phase 4 lead reversible 


| 
| 











Capacitor and synchronous Capacitor start 4 lead Capacitor and synchronous Three phase and synchronous 
capocitor 4 lead reversible reversible capacitor 3 leod reversible . three phose 





Electric- 
governor 
contacts 


Connect condenser 

and resistance 

| across leads as 

indicated 
Condenser 











Lae + 














To line Resisfonce j 
Shaded pole 2 lead non- Series 2 leod non-reversible Governor controlled series Capacitor start induction run motor 
reversible wound 4 lead non-reversible 4-wire reversible 
































flange may have a rabbet in its mount mounting in the end shields of smal ipplications than others. W 

ing surface for centering on the driven motors. These may be erely on-otf g s to y us 

device, insuring accurate concentricity or forward-reverse operation switches shown I ll | 

Studs are sometimes used for end jn some types of motors. This is a re The needs ot y ap s | 

mounting. In some small motors the tively inexpensive modification when be correctly filled by selecting m | 

screws that hold the housing together — there is sufficient room inside the mo- of prope aracteristics W s | 

we extended. Others have studs re- tor, so that no more machining than windings. However, ofte s | 

placing the screws holding the end a drilled hole is necessary lesirable to use special windings eng | 

shields to the center ring. These studs A great variety of shaft modifica- neered for optimum pow | 

can project through holes in the tions can be obtained. The standard — horsepower rating, o s | 

mounting surface. The motor is held shaft of the smaller fractional hors characteristics for the work s | 

in place by drawing up nuts on the power motors usually embodies a round =A better prod y res | 

opposite side of the mounting surface. extension at one end with a milled flat Equipment possessing s | 

Tapped holes in the end shield is an- for a set screw seat. Some of the larger inertia often requires SW g 

other suitable way of end mounting motors are supplied with rectangular starting torque for quick | 

some small motors. keyways as standard. Shafts may be An of su P s | 
Terminal leads of small motors any practical length or have two or he ard file used it s 

usually extend through an insulated more extended diameters, threads, cross facilitate handling of records. O s 

outlet in the end shield opposite the holes, Woodruff keyways, squared ex- of this kind the r g torque | 

shaft extension. The location of this tension or double extension. Shaft average conditions is ss 


outlet at some other point on the motor modifications are expedient for some the starting torque. Other requi | 

is often desired. A good example is motor manufacturers in relatively small ments | applic: 

the surgical engine shown in Fig. 1, production lots, depending on their quietness, instantaneous 
g i f t i 


l 


where a special base is used to enclose — particular manufacturing set-up onstant speed and operation 

a control switch. The outlet is located 115 volt, single phase source of power 
between the mounting bosses on the Windings for Special Operating A suitable motor for an application of 
enter ring. Leads then pass directly i ý this kind 





. el his kind i5 4 pacitor motor. How- 
Characteristics m pig. " v low 


into the base. This is a relatively costly ever, the standard 









capa or oO nas 

nodification, feasible only when mod- Various kinds of motors are man 1 starting torque of about 75 to 100 
erate quantity production is antici- ufactured in the frames described percent of the full load running 
pated. Each type has certain characteristics torque. Therefore, the standard apaci 
Control switches are available for making it more desirable for some tor motor cannot be used. The designer 
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jJowing sp 


pc 

1 stronger winding 
ig torque, — 
ven to the di cle 

rease in wattage in 

motor to exceed the 

mperature rise. If the 

is sufficiently light, the de 
specify the same frame as 

used foi 


a motor rated to 
the normal running load. Should 
the duty cycle be severe or allow little 


time between starts, a larger 
frame size 


motor 
should be utilized. The 
latter will have less magnetic satura 
tion and temperature dissi 
pating qualities. The engineering 
work required to develop a special 
winding usually makes this procedure 
uneconomical if a very small quantity 


is to be produced. 


greater 


Special Rotor 


A rotor of special design can in- 
crease starting torque. This is a high 
resistance wound rotor. The current 
carrying parts in which current is 
induced by the stator field are usually 
of the same general construction but 
of higher resistance material. Obtain- 
ing greater starting torque by using 
the high resistance rotor is done at 
the expense of efficiency, speed and 
running torque. Special rotors are 
more costly to produce than special 
windings, except in large quantity pro 
duction. 

There are other applications where 
low starting torque is required to pre 
vent damage to the motor, to the ma- 
chine, or to the materials being 
handled. For example, a motor with 
low starting torque is desirable for 
re-winding film on a motion picture 
projector. The capacitor motor is suit- 


Fig. 1—Flexible shaft machine for surgical use employs modified fractional horsepower 
motor. Special frame has integral table base, which contains line switch and also 
encloses the wiring to the motor. This is a costly ' 


114 


this work. The low starting 
ermits the reel and film to get 
without damage 
phase induction motor is 
referred to as a general 
has a fairly high 
l causing fast accelera 
tion to normal running speed. The 
motor is designed so that only a small 
fraction of 


torque, 
i 


a second is required to 
reach the speed which the starting 
winding is cut out of the circuit. 
Should a longer time be required for 
acceleration, the starting winding may 
become damaged or burned out if 
verload protection is not provided. 
Typical applications for the split phase 
motor are office machines, household 
appliances, pumps, coin handling ma- 
chines, automatic phonographs, heat- 
ing and ventilating blowers. 

An inertia load such as a heavy fan 
or blower wheel may require more 
time for acceleration than the start- 
ing winding of a standard split phase 
motor is designed to withstand. Un- 
der these circumstances a special start- 
ing winding could be provided that 
would have lower starting torque and 


be capable of remaining on the line 


long enough for acceleration with- 
out damage. 
best to use a capacitor motor with in- 


herent low starting torque. 
Torque Motors 


Some motors are built to order for 
specific applications. A common one 
is the torque motor designed to de- 
liver a definite torque while stalled 
continuously without overheating or 
damage of any kind. These motors 
may be single phase capacitor, poly- 
phase induction, shaded pole or direct 
current. 

The purpose of the torque motor is 


V. Mueller & Co. 


'special", practical only in quantity. 


However, it would be 


the time and 
the amount required by the device 
which it is used. 


to produce motion at 


It usually is desir 

to have the horsepower developed 
the motor from the stalled position : 
maximum speed to be as constant 
possible. 

Torque motors are built with ex 
lent characteristics for taking up 
or tape on reels in recorders or 
nouncement systems. The motors 
designed to deliver the correct torq 
placing proper tension on the f 
or tape as the reels are gradually fill 
Danger of breakage is avoided 
reeling process. 

The applications on which sn 
torque motors can be used to gr 
advantage are many. One instance 
in the manufacture of magnet wire of 
very small gage. A motor is needed 
for spooling t the wire when the fir 
manufacturing process has been com 
pleted. The spool must vary in spe 
as it is filled due to the change 
diameter. The torque must be of the 
right amount from the empty spool 
until it is filled to insure proper te: 
sion and still prevent breakage. 


Economic Considerations 


Necessity is usually the determining 
factor in whether or not frame modif 
cations or special windings are used 
in the specification of the motor, b 
economics enter the picture also. Even 
the more simple modifications illus 
trated should not be considered unless 
some quantities are involved. The 
facilities of some manufacturers will 
permit the production of motors with 
the most simple modifications in lot: 
as low as 10 to 25 units. In mos 
instances, however, where lots of less 
than 100 are required, it is best to 
design equipment around standard mo 
tor construction. 

More extensive modifications require 
much larger quantities to be practical 
The quantities will vary with different 
manufacturers, depending upon their 
production facilities. 

New motor frames usually sho 
not be considered in lots of less than 
10,000 to 25,000 if die castings irc 
used. If sand castings are used, smaller 
quantities may be considered, depend 
ing upon how elaborate the patte 
may be. Ordinarily quantities 
10,000 motors would justify spe 
end shields or center rings. Special 
shafts are feasible in lots of 100 to 
1,000. Manufacturers’ quotations on 
special motors are likely to differ con- 
siderably. It is advisable to check with 


several motor makers before deciding 


on the practicality of a special design 
A motor that one company can prod 
only at a high price might be supp! 
by another at reasonable cost. 
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complex 






No longer need the designer 


make assumptions regarding 


strength and loading on complex 


structural components operating at tempera- 


tures over 700 F, or in some instances, up to 1,500 F. 


Special high-temperature wire resistance strain gages, 


previously unavailable can be constructed for such service. 


D. J. De MICHELE 


General Engineering and Consulting Laboratory 
The General Electric Company 


THE DEVELOPMENT OF TURBO-JET 
ENGINES and other equipment that 
operates at elevated temperatures im- 
posed new problems on designers and 
engineers. These problems involve the 
selection of the right materials to stand 
the temperature under repeated loads 

For satisfactory operation the de- 
signer must know the forces and 
stresses to which the materials are sub- 
jected, and the properties of the ma 
terials under operating 
Specifically, he must know. 

1. The static and dynamic stresses 
to which the structural member is sub 
jected during actual operation. 

2. The resonant or natural fre- 
quency of the member. This is very 
important, especially on rotating ma- 
chinery. 

3. The damping characteristic of 
the material. (Ability of the material 
to dissipate energy when subjected 
to alternating forces.) 

i. The strength of the material un- 
der static and dynamic loading. 

Electric resistance wire strain gages 
have established themselves as a val- 
uable tool for factory testing as well 
as for laboratory investigations. They 
are especially valuable for stress meas- 
urements on 


conditions 


structures subjected to 
loading, particularly since 
they are small in size, need not be 
bolted or welded to the equipment, can 
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) adapted for measuring 
stresses in fillets and around sharp con 
tours of have excel 
lent response to high frequency dy 
namic loading. 

At present, two basic types of gages 
are available commercially. Both are 
known as SR-4 wire gages 


and are manufactured by the Baldwin 


easily be 


structures, and 


resistance 


Southwark Division of the Baldwin 
Locomotive Works. One gage is 


bonded with a nitro-cellulose 
and used for work up to approximately 
100 F. The other type, bonded with a 
synthetic resin, is for 
higher temperatures. It is mounted 
with a synthetic resin and baked under 
pressure through a specified heating 
cycle to polymerize the cement. Al 
though the maximum temperature re 

ommended by the manufacturer is 35 


cement 


used work at 


F, synthetic resin gages have been suc 
cessfully used, in some cases, up to 
temperatures of 700 fahrenheit 

For latter applicat 
special bonding technique is used sin 
the 


these 


tons, 
resin semi-conductor 
An undercoating of a special high tem 
perature cement 


1 
becomes a 


is first baked on the 
to which the 
cemented. The undercoating cement 


structure gage 1S to DC 





brushed or sprayed on and allowed to 
harden by passing a | 
burner back and forth 


torch or gas 


over it, whiic 


(CI, 


Service 





the flame 
synthetic resin gages are 


cement following 


as specified 
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| a second For t reason, work on a | 
31 was then temperature gage which would 
ires and leads itself to factory production and sim 
l mounting technique has been und 
taken. The General Electric Comp 
À temperature coethcient L.1 for an indefinite period of is now using a high temperature g 
[hey lasted for from one to two — as shown in Fig. 1. This gage is fal 
1.300 F, and long enough for a cated on a jig in the laboratory. It « 
t at 1,400 F. They were mounted on. be stored, and later applied to a str 
g forks. Useful information on ture. where high temperature st 
joint between damping characteristics was obtained measurements are to be made. It c 
at elevated temperatures sists of an 85 percent platinum 
S. S. Manson, R. H. Kemp, and percent iridium wire, fabricated 
W. C. Morgan, in their paper "High mica in a closely spaced flat grid. 1 
Temperature Strain Gages and Their filament wires are held in suspensi 
Application to Measurement of Vibra- with Sauereisen cement No. 31 on the 
tory Stresses in Turbo Supercharger mica sheet, and the gage can be tras 
Buckets” in the Proceeding of the So- ferred from the mica to the specin 
ciety for Experimental Stress Analysis, and bonded with additional cement 
Volume V, No. 1, pages 90 to 100, Platinum-iridium wire was selec 
reported successful results obtained for this particular gage because of 
with high temperature strain gages. high sensitivity. The gage factor 
properties Their problem was more difficult to between 5.8 and 6 at room tempera 
un gage wires, the next step is solve, since the strain gages had to ture, which is approximately thr 
bonding cement to with operate on turbine buckets in an active times the gage factor of Nichrome V 
mperature. gas turbine. The cement, gage, and In addition, this wire lends itself 
juirements of the bonding wiring technique had to withstand the the measurement of stresses at higl 
most important and are the force of the blast, and high centrifugal frequency. Other properties are 
lt to fulfill. It must forces caused by high peripheral speeds Wire diameter, 0.0008 in.; resistan 
at the gage location. The authors used ohms per ft, 250; tensile strengti 


ithstand high r i 
several different types of gages: a hard, 90,000 psi; tensile strength, 


straight filament type, V-type, multi- nealed, 55,000 psi; BHN, hard, 185 
ple-loop type, and form type. The BHN, annealed, 130; temperature 
gage wire they used was Nichrome V. — efficient of expansion 0.0013 betwe 
and Sauereisen No. 1 was the cement 10 and 100 C; melting point, plat 
ing medium. Their paper describes num, 1,773 C; and melting point 
the method of fabrication, their cali- iridium, 2,454 C. 
bration technique, and circuits used, Platinum-iridium is not affected 
and information obtained on their tests high temperatures in air and is 
of the supercharger buckets attacked by single acids or alkaline « 
R. E. Gorton and R. W. Pratt, in a bonatcs, although hot concentra 
paper entitled “Strain Measurements sulphuric acid will attack it sligh 
on Rotating Parts", presented before Various types of Sauereisen cemet 


arbonizing 
Have good adhesion q ialities to 
iterials 
we a thermal expansion as 
as possible to the one of the 
| being tested 
at temperatures that arc 
low as not to affect the 
naterial 
anders that 


tics of the test 
ree of fillers or 
chemically or electrolytically at 


I 
} 
i 


the wire at any temperature 


Not become a semi-conduct x | 

temperatures the Society of Automotive Engineers were experimented with to obtain 

aid PALL < 
f 


} 


s at their annual meeting in January, results sought. In these tests, No 
between the P . 


1949, also did valuable work toward seemed to perform the best. Since : 
the development of a high tempera- physical filler particles of this cem 


Prevent oxidation 
l and cements. Oxidation usually 
ement to flake off the 


sisted of fabricating Nichrome V wire obtained between the cement and 

gage on the surface of a strip of cel- structure. strain 
luloid. A Quigley Triple A high heat Some electrolytic and chemical Fo 
resisting paint, Green No. 1900, man tion takes place at high temperat such 
ufactured by the Quigley Company, and with time causing breakdown iem « 
Inc., was coated over tl 


ture strain gage. Their technique con- are fairly small, a better bond can 


to prevent a drawn 

ting technique with a number 
erent cements 

Be easy to handle and sufficiently 


so that it can be formed on / 2 : a 
ye wires. The the electrical insulation proper impo 


ontours of the structure } ; ' 5 
ere prolonged use of the gage ts Wires 


gage was then transferred from the cel- — wl 
high temperature gage was first luloid to the structure while the cement ticipated ; precoating the structural whee 


reported by Carl Schabtach and D was pliable, and bonded to the struc- terial with some chrome oxide w Th 


R. O. Fehr in their paper “Measure ture by applying additional Quigley reduce this action. The chrome-oy slip 1 


ment of the Damping of Engineering paint to the specimen. also prevents oxidation from forming tratio 


Materials During Flexurai Vibration at [he technique of building and between the cement and the m wita 


Elevated Temperatures” in the Journal mounting all of these homemade high Another cement, which was develo; each 
of Applied Mechanics, Volume Il, No. temperature gages requires a consid- as an undercoating for the Sauereis sleev 
1944, pages A86 to A92 erable amount of manual dexterity and cement, also lends itself as an ins powe 

is gage consisted of 0.0015 in di- skill. In many cases a large number tion between the Sauereisen and eld 


ameter Nichrome wire fabricated as 1 of gages must be installed to obtain structural material. ire s 


omp 
easily 
ty Of 
Drill 
recon 


multiple grid on a thin undercoat of one satisfactory gage. Also, the gages The primary application of tl 
Sauereisen Cement No. 31, manufac- must be fabricated directly on the gages has been for high freque 
tured by the Sauereisen Company. The structure, or, if fabricated on a jig, measurements. A typical use is ill 
undercoat provided insulation for the they must be transferred immediately trated in Figs. 2 and 3, which s! 
gage wire. The wires were held in to the structure and bonded. respectively the method of mount 


+ ) 
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Fig. 1—Newly developed high temperature (1,500 F) strain — Fig. 2— Typical mounting of a high temperautre strain gage on 
gage consisting of a platinum-iridium grid bonded to mica a turbine bucket. The gage is bonded with Sauereisen 





cement 










_Turbine bucket 
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_.---- High temperature 
wire resistance 
type strain gage 
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Strain goge 
potentiometer circuit 









perry 


errr 














Fig. 3—Set-up for measuring dynamic strains on a turbine buc 





ket. Special precautions must be taken in bringing 












a gage on a turbine blade, and a set- The lead wires are brought through the assembly, also determine the | 
up for measuring high frequency the center of the rotating shaft and type of upling between the shaft an | 
strains. connected to the slip ring assembly n spring pressure s | 

For measurements under conditions Needless to say, the slip ring and — Misalig sc $ | 
such as shown in the sketch, the prob brush assembly design is very impor ng wh 1 


lem of high centrifugal forces is also tant, since on it rests the success or 








important. The selection of the lead failure of a project of this type. Th of values 
wires and method of mounting to the slip ring material, which has given WI s g 
wheel must be considered satisfactory results, is coined silve s e use 

The lead wires from the gage to the and the brushes are made of 85 pe , 
slip ring assembly shown in the illus- cent silver and 15 percent graphite present, special g 
tration consist of stainless steel tubing The brush spring material should vided. The most « 


with two conductors insulated from be steel, since other materials ann 












each other, either with fibre glass at too low a temperature and loose r inside th 

sleeving or with magnesium oxide their spring pressure due to the ten rushes. In so s 
powder. The stainless steel tubing is perature between the brushes and thc s s 

eld against the wheel with clips that slip  rings—these t es 5 

ire spot welded to the wheel. After some instances being s I g 

ompletion of the tests, the chips can The spring pressure applied e she 

easily be chipped off and any irregular- brushes determines the life of the I 

ty on the surface can be sanded down. brushes, the heat generated, and the ring 

Drilling and tapping of holes is not overall performance of the assembl 5 c 

recommended for a high-speed wheel. Special precautions in alignme esis 
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MODEL 80 DUAL FUEL DIESEL ENGINE can be either naturally aspirated or supercharged, with power rat- 
ings up to and beyond 1,000 hp. The above Superior diesel uses not only natural gas and fuel oil, but is also operating 
on sewage or sludge gas. The supercharged engine presents a special problem in the introduction of gaseous fuel sinc 
it cannot be fed directly into the air intake manifold, as usual, without large losses when each cylinder is scavenged 
Superior solves this problem by using the air starting check valve already in the cylinder head to admit fuel gas 


Push-Button Diesel 


Uses Fuel Oil or Gas 


The ability to operate on almost any combustable gas, as well as 


fuel oil or combinations of gas and fuel oil, is the outstanding 
feature of the Model 80 "Superior" diesel engine. Controls are 
kept to a minimum. Control panels have only two push buttons, 
one for oil and one for gas, and two signal lights, one amber and 
one white. Fuel is selected by merely pushing the "oil" or "gas" 
button, with one of the two signal lights indicating the type of 
fuel being used. Since dry gases will not ignite at the engine 
compression of 400 psi, a small pilot charge of fuel oil is injected 
at the proper time to ignite the gas. An automatic pilot oil 
control is operated by the governor so that any shortage in the 
gas supply will be made up by injecting more fuel oil. The gover- 
nor will permit burning of all available gas before injecting the 
extra fuel oil. The amber signal light will show that oil in excess oil injection pumps (À) ; the starting aie che 
of pilot capacities is being used. The Model 80 "Dual Fuel" push- valve (B) ; the uuu e«t o Á costing adi 
button diesel engine is made by the Superior Engine Division connection (D) ; and an air bleeder (C) whi 
of the National Supply Company, Springfield, Ohio. removes air from injection system. 


CLOSE-UP of the supercharged engine show 
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control --~ 
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CONTROLS ARE CENTERED in this panel, SCHEMATIC DRAWING 


which contains an "air starting pull handle," operation. Pressing the "gas" 
lower right; a "stop -"run" lever; and a "gas" — solenoid operated pilot valve. This val 
and an "oil" push button, each with a signal cylinder of the gas shut-off valve, which opens the 
light. These few controls operate the engine to the engine. The “sir starting pull handle” admit 


shows the basi 


COMBINATION STARTING AIR and gas A SUPERCHARGER of this type can raise the utput of the 
header (F) transmits compressed air during 960 hp engine to around 1440 hp | 


i and gas durin ual-fuel operation. ower with only about a 15 percent incr 
startin d gas during dual-fuel operat th only ab 15 


This is a 5O percent increase in 


. . * r 1 1 ' 1 
The air starting valve assembly (G) has a per hp is reduced about 40 percent. Increased power is obtained with 


built-in gas proportioning valve. only slight increase in cylinder pressure. 


increase in weight. The weight 


( continued n né 
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P O D U C T 


Push-Button Diesel (continued) 





GAS IS DISTRIBUTED to the cylinders by using the air check valve 
in the cylinder head as a gas injection valve. The large cam, driven by 
the camshaft, impinges on the cam follower and operates a lever. This 
lever acts, in turn, on another lever which opens the air check valve. 
The valve is timed to open when the engine exhaust valve closes, and to 
lose when the intake valve closes. Thus gas enters the cylinder only 
while combustion air is being taken in. The gas injection valve clear- 
ance can be reset to conform with the clearances of intake and exhaust 
clearances. The engine starts on fuel oil, and runs on oil alone until 
the gas is introduced. The fuel oil consumption is then reduced. 


d " m ; ' 
| Saale 


«|! 





AUTOMATIC PILOT OIL CONTROL is 
operated by the governor through the above 
linkage. When the fuel supply is switched 
from oil to gas the governor reduces fuel oil 
injection as soon as the gas has traveled from 
the shut-off valve to the engine. In dual-fuc 
operation the pilot fuel oil is about 5 percent 
of the amount used in full diesel operation. A 


special hydraulic acceleration element, above, 


provides extra oil injection for sudden loads 


DETAILS OF FUEL CONTROL MECHANISM are SPECIALLY BUILT GAS REGULATORS, above, su; 
shown above. The governor positions the air throttle plied as part of the engine. They act in addition to ti 
through the medium of a hydraulic booster cylinder (A). regular gas pressure regulating valve installed in the ga 
During starting, the starting air valve. (B) is opened by supply line and set to regulate delivery pressure to abo: 
pulling the starting handle. When the handle is released a. 15 psi. They make final pressure adjustments after regul 
spring closes the valve. When the gas shut-off valve is regulators approximate requirements. These special reg 
opened, gas passes through a governor controlled butterfly —lators can be adjusted by removing the plug (A) and turt 
valve (C) and into the header. The total amount of pilot ing the adjusting screw (B), running the screw down 

fue! oil may be adjusted by loosening the nut (D) and increase pressure, and vice versa. This adjustment must | 
turning (E), the pilot oil adjusting rod. made when full gas supply pressure is available. 
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D G N 


simplicity, Key to Motor Redesign 


When the Haydon Mfg. Co. of Torrington, Conn. 
was faced with urgent demands several years ago to 
meet immediate market demands for very slow speed 
motors there was no time to go back to fundamentals 
of design. The Situation required that they use 
what was available, with the only criterion being 
satisfactory performance. Existing motors which ran 
at relatively high speeds, in the range of 60 rpm to 
1 rev per hr, were adapted to fit the extremely slow 


OLD DESIGN, on left, was a combination of an existing 


motor from one series and a gear train from another series 


While it 


1 
were drawbacks 


a lint Jj 





TH 


gave satisfactory service, size, appearance and cost 


The new 4400 series, right, uses a slightly 


speeds ot 5 to 1,000 hrs per revolution. Ihe 


pany subsequently began an intensive redesign study 


COIL 


which yielded some of the following results: (1) re- 
duction in size; (2) cost reduction due to simplified 
manufacturing procedures and reduction of parts 
(3) interchangeability with existing motors ot dit- 


ferent output speeds, and; (4) a more pleasing 


appearance resulting from compact, functiona) design 


The main design improvements are shown below 


decper gear 
SIOWET speeds in 


on two levels, on 


n 


prem 


Before 


E NEW MODEL, series 4400, is only 13 in. deep as 


ompared to 13 in. for the old series 4100. The new motor 


'roduces speeds of 6 hrs per revolution or slower, 


nly 


Propuct 


and is 
3. in. deeper than 
16 I : 


t i 
the 1600 series, which runs at 
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raneine team 1 
IS Ldlix lili tron > 


n rather thin 


T. ‘ne cear ; 
uses one gear cup, ner 


bearings, rather than two shafts 


ses indard snaits and Hearings 





P R O D J G E 
Boeing Builds 
Automotive 


Gas Turbine 


As previously reported in PRODUCT 
ENGINEERING in June 1950, page 145, 
the Boeing Airplane Co., Seattle, Wash., 
has built and tested an experimental gas 
turbine for automotive and other uses. The 
new engine weighs only 200 lbs, and de- 
velops 175 hp. The new engine now uses 
about twice as much fuel as a gasoline 
engine, and about three times as much 
as a diesel engine. However, it can use 
a cheaper grade of fuel oil, and Boeing 
expects to cut present fuel consumption 
in half. The new engine has two major 
sections: a gas producer and a power- 
out-put section. The gas producer has a 
single-stage compressor, two burners, and 


an axial flow turbine wheel. Gases travel BOEING'S NEW GAS TURBINE ENGINE is shown installed in ; 
Kenworth truck. it is not yet in quantity production. Exhaust gases arc 
about the same temperature as those from a diesel or gasoline truck. A 
idling power, for instance, it is possible to place a hand over the en 
of the exhaust pipe without danger of being burned. Exhaust gas 
wheel which drives the output shaft. are virtually invisible, and have no offensive odor 


from the first-stage turbine wheel, which 
turns 36,000 rpm, through a nozzle box, 
and are expanded through the second-stage 


" 
2 
x 


C 
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CUTAWAY MODEL of the new gas turbine shows the comparatively simple construction. The power 
in front, has a turbine wheel turning at about 36,000 rpm. 
through a 9 to 1 reduction gear, stepping the speed down to 
175 hp. For power braking the second-stage wheel reverses while the first-stage turns as usual. The turbine 
in coastruction than the conventional engine, having only from 1/5 to 1 


t 


no sliding parts. When it goes into quantity production manufacturing costs will be less than for the piston 


producit 
The second-stage wheel turns at 22,500 rpm ; 
2,500 rpm and producing a continuous output shaft 


ts as 


10 as many moving part 


(1) Front half compressor case (17) Oil sump 
made of cast aluminum. (18) Oil pump 
(2) Back half compressor case case and steel gears 
cast aluminum. (19) Oil systen 
(3) First stage housing—cast alu- minum. 


minum. (20) Oil strainer 


(4) Burners—stainless steel. steel 
(5) Burner liners—also stainless. (21) Oil gage— steel. 
(6) Clamping rings—steel. (22) Oil system lines—aluminum. 
(7) Collector and first stage nozzle (23) Accessory drive box—alu 
box—stainless steel and cast vanes. minum housing and steel gears 
(8) Oil jets—steel (24) Electric tachometer generator 
- (9) Stay rods 


a 


E we 


steel purchased part. 


(10) Fuel injector nozzle— steel (25) Fuel pum; 
with a brass nozzle purchased part 
(11) Ignition plug— standard pur- f l 
chased part. 
(12) Shroud and second stage 


nozzle—stainless steel and cast vanes 


29 
0 
= (13) Second stage turbine—Tim- 
' ~ e 


"f ken alloy 16-25-6 hub and special high 


3 
strength alloy cast blades. 
i £^ (14) Front half, reduction gear 


housing—cast aluminum. 
(15) Gear assembly—steel gears 
with an aluminum diaphram. 
(16) Rear half, reduction gear 
EN /*> housing and shaft—~<ast aluminum and 


€ steel. 
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Amplidyne Drive Speeds 


Sawing Cycle sod 


HEART of the new sawmill carriage drive is this 
four part motor generator set having a 400 hp in- 
duction motor, a dc generator, and (top) a 5 kw 
exciter and 5 kw amplidyne. The amplidyne control 
panel for this drive is simple and inexpeasive and 
has no regularly moving parts. 


THIS CABLE DRIVE UNIT draws its dc power 
from the motor generator set. The unit includes 
an enclosed and ventilated dc motor and a West- 
ern gear reducer. The motor will withstand heavy 
mechanical strains, and high voltage. 


imit. switch 


D-c mofor reduction 
geor ond rope drum 


By using an amplidyne as the “heart” of a log carriage drive, 
the Weyerhaeuser Timber Co’s Springfield, Oregon branch 
expects to increase production with a faster carriage return 
and, at the same time, cut power costs to a minimum. The 
new drive operates as a dc adjustable voltage system, and 
power for the drive motor is obtained from a four-unit motor 
generator set driven by an induction motor. The amplidyne, 
similar in appearance to a small motor, acts as a dc amplifier 
with very high amplification. It establishes a simple elec 
trical balance which allows the smallest electric signals to 
release relatively great output. The new amplidyne-controlled 
system replaces the steam "shotgun feed", which wastes steam, 
and the slower "twin engine" steam drive. Among other 
features, the amplidyne allows current generated by the inertia 
of the heavy carriage during deceleration periods to be 
fed back into the regular power lines, which effects con- 
siderable saving in total electrical power used. All equip- 
ment was made by the General Electric Company. 
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series field 


Shunt field 


Shunt field 


Comm. field 


Ref field 





] Master 
| operators 
Off. swifch 


Nomenclature 


suicide relay 
direction overftravel limit swifch 

s urn direction overtravel limit switch 
=/nterlock on MG set motor starter 


SIMPLIFIED WIRING DIAGRAM shows operation of 
the system. With fixed field excitation applied to the motor, 
the carriage speed is essentially proportional to the applied 
armature voltage. The armature voltage, supplied by the 
gencrator, may be changed by adjusting the generator field 
current. Therefore, the carriage speed increases as the gen- 
erator field current is increased and decreases when the gen- 
erator field is decreased. Also, the direction of carriage 
trave! is reversed simply by reversing the current direction 
in the generator field. Field exitation for the generator is 
supplied by the amplidyne. The voltage output of the 
amplidyne is a function of the net ampere-turns produced 
by the three amplidyne shunt fields. The fields are the 
"reference", the "current-limit", and the “anti-hunt” fields. 
When the sawyer moves his master control switch, in effect, 
he is changing the number of ampere-turns contributed 
by the reference field, which changes the amplidyne output 
voltage. The resulting change in generator voltage would 
be nearly instantaneous if it were not for the current-limit 
field, which limits motor and generator armature current 
to a safe value. Thus the resulting rate of armature voltage 
change (carriage speed change) is the maximum that can 
be safely handled by the equipment. 
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TV Antenna Rotator 


One of the latest accessories in the t 


this new antenna rotator has a plasti 


and a weatherproofed, all aluminum 


unit mounted outdoors on the antenn 


1 


plastic control box comes in two types 


one model 


registering antenna direction, and 
other, less expensive, merely indicating the 
antenna travel. Plastic parts are molded bv the 
Emeloid Co, Inc, Hillside, N. ]., with a flame 
resistant cellulose acetate furnished by Hercules Pow 
der Co. Emeloid make the control box for U. S 
Devices Corp., South Plaintield, N 

facture and sell the complete 

power unit has a heavy 


Chi 


rotates the antenna throug! 
operates on 110 V current 
on ghost images and other distortions 


1 
tcievision 


quent when the receiving 


tace a sending station squarely 
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ond bearing 
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Trailer Hitch 
Designed for 


Sales Appeal 


The "Tour-aid" trailer hitch assembly was 
Then, when the 
mechanical success of the pilot model had 


first made as a weldment. 


been assured, the entire unit was redesigned 
from the viewpoint of appearance, sales ap- 
peal, and mechanical strength. The welded 
design had a “home-made” appearance that 
affected its sales appeal; so the manufac- 
turers called the Unicast Corp., of Toledo, 
Ohio, in as consultants on the redesign. Tak- 
ing the unit one part at a time, Unicast engi- 
neers converted the whole assembly into 
steel castings. The Steel Founder's Society 
of America reports that the new all-cast de- 
sign effected a weight saving, a machining 
cost saving of 75 percent, and a total finished 
cost saving of 20 percent. Extensive tests 
show the resulting product to be consider- 
ably stronger than the original welded de- 
sign. The manufacturer reports an unusual 
amount of orders for the product, which con- 
firms the value of the redesign. 


Novel Rings 
Are Elastic 


Made in Germany by the Ringspann Co., of 
Bad Homburg V.D.H., these novel machine 
elements have a slightly conical shape which 
causes them to increase in diameter when 
flattened. This quality of expanding under 
pressure makes them useful for fastening 
machine parts to a shaft, as a radial sealing 
element, or radial tension element, etc. They 
are especially useful where a part must be 
quickly replaceable. 
example, must be held tightly and accurately 
on its arbor, and yet be capable of quick 
change. Distributed in U. S. by J. P. Bayard 
and Co., New York City. 
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A milling cutter, for 








COMPLETELY REDESIGNED trailer hitch, above, has more sales 
appeal as well as greater strength than the previous all-welded model 
Also, as a weldment, the fixturing of pieces was costly. 





ASSORTMENT OF RINGS illustrates the variety of sizes made. The ARI 
radial slits in the diameter of the rings give them the elastic property. plac 
Rings are usually used in groups to provide a larger expanding surface. ring 
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THIS TOW-BAR PINION UNIT PINION YOKE has greatly increased REAR YOKE was mad 


was hard to position for welding. This strength as well as better appearance several important points 
was the first part to be redesigned. Critical sections are stronger. looked “home-made” when weld 


ee Palin <a at — an 
YOKE CARRIER is important struc’ IN ADDITION TO APPEARANCE, the company reports tests loadin 
tural member. After redesign it lost prove the increased strength of all parts. One part was loaded to 8,000 Ib with 
the “makeshift” look that it had. out deformation while its fabricated counterpart was deformed at 1.5 | 


ARBOR has about a dozen expanding rings grouped together. When collar is ONE EXPANDING RING eff 


placed around the rings, and the nut is screwed down flat and tightened, the tight sea s food conta 
rings expand enough to grip collar tightly. ing down nut expands ring 
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Spreader 


Is Automatic 


Automatic, air operated coil spread- 
ing machines are the latest develop- 
ment of Potter and Rayfield, Inc, of 
Atlanta, Ga. These coil spreaders, 
which form coils into the exact shape 
they will occupy in the armature or 
stator, are usually manually oper- 
ated. In the company’s newest mod- 
els, by eliminating eleven parts in 
the cam operated manual coil hold- 
er and using two main air cylinders 
as well as mounted coil holder air 
cylinders, a high-speed machine has 
been developed which has a high de- 
gree of accuracy. Of the two designs 
shown, at right, the top cut shows 
an interim design that has the two 
main air cylinders, but not the coil 
holder air cylinders. The bottom 
cut shows the completely redesigned 
coil spreader. Another innovation is 
that the coil holder bars are made to 
swivel on their axes, making it pos- 
sible to form coils whose included 
angle may range from zero to 150 
deg, with coil spreads from 4 to 21 
in. On former manually operated 
machines the grip on the coils to be 
spread was from top to bottom. In 
the redesigned unit the coil is 
gripped on four sides. 


To meet the need for a "non-toppling" direction indi- 
cator, Smiths Aircraft Instruments Ltd., London, England, 
has recently developed an air-driven directional gyro which 
has complete freedom of the inner gimbal ring up to 
85 deg. 

This instrument, which is virtually fully aerobatic, is 
consequently ideally suited to the needs of training aircraft, 
when the pupil may be made conversant with the presen- 
tation he will meet in operational aircraft and where aero- 
batic maneuvers may be made without toppling the gyro. 
The instrument is equally suitable for airline use where 
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operated knuckle kickup 


Rear oscillating arm 





Air Driven Gyroscope is Non-Toppling 


an air-driven direction indicator is considered necessary 
a stand-by to the electrically operated gyro magnet 
compass. 

The rotor runs in ball bearings and is mounted with t! 
spin axis horizontal in a casing which forms the inn 
gimbal ring. The rotor wheel has a heavy tungsten alk 
rim, the periphery of the rim being serrated. The rot 
wheel center has a co-efficient of expansion similar to th 
of the rotor case, therefore temperature variations ha: 
little effect on bearing adjustment. The rotor is dynamical 
balanced and provision is made for the static balancing « 
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COIL SPREADING PRINCIPLE is illustrated above 


pulls oil into correct position on the armature pitch radius 


the rotor case. The rotor case is horizontally pivoted in ball 
bearings in the outer gimbal ring which, in turn, is pivoted 
about a vertical axis in the instrument frame. A semicir- 
cular baffle attached to the outer gimbal ring is aligned with 
erector jets in such a manner that, when the case and the 
spin axis of the rotor are horizontal, the orifices of both 
jets are partially and equally shrouded. 

Special differential gearing is used between the gyro gear 
on the outer gimbal and the compass card to enable the 
card to be reset, under any flight conditions or on the 
ground, without caging the gyro. The dial setting knob 
which is geared into the differential train for this purpose 
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When 


coils are spread by main air cylinders a compensating cylinder 
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holder. Coil holder construction is shown above 


MAIN SPREADING ACTION 
controlled by the hand or foot op 
tion Of a four-way 

actuates the dou 
low the table ot 
operated valve 


actuate 


} 1 1 ! 
IS Situated at the 4 Oo cCIOKCK position on 


The course setting pointer 


5t 

trom the central knob on the inst: 

trom ine centrai knob on the inst d 

tion gear of 7:2 ratio 1s provided between 

the course setting pointer to facilitat 
I 


the pointer 


The fixing holes are so positioned that the 
can be interchanged readily with existing types of gyro di 
rection indicators; a larger cut out being all the modification 
necessary to a he | | tyro 
scope 1s alf 
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TELEPHONE TYPE RELAYS are designed in many types of constructions, mounting arrangements, and contact spring assemblies 


Telephone Type Relays 


Electrical and mechanical details that influence the choice of type 


of electro-magnetic relay to use for control of machines and equip- 


ment. Advantages and limitations of telephone type and power 


type relays are compared on the basis of design and performance. 


V. E. JAMES 
Staff Engineer, Industrial Control Division 
Automatic Electric Company 


A FEW BASIC PRINCIPLES govern the 
design of all electro-magnetic relays. 
When an electrical current passes 
through a conductor, a magnetic field 
is created that varies in intensity not 
only with the amount of current but 
also with the properties of the adjacent 
medium. The magnetic field produced 
by a given current flowing through a 
conductor surrounded by iron is much 
denser than the field produced around 
the same conductor when the sur- 
rounding medium is air. 

Within wide limits, whether in air 


or a superior magnetic medium, the 
intensity of the magnetic field is pro- 
portionately increased by each turn 
added to a coiled conductor. A relay's 
magnetic strength is therefore com- 
monly stated as the number of ampere- 
turns. With enough current flow, any 
desired strength can be produced by 
even a single passage of the conductor. 
But for practical and economic reasons, 
relays usually have coils of many turns. 

Some materials are magnetized and 
attract other magnetic materials only 
while an exciting current flows in a 
nearby conductor. They produce no 
appreciable magnetic attraction after 
the current ceases. Such materials have 
low (magnetic) retentivity. In con- 


trast to these, other materials remain 
magnetized after the exciting current 
ceases to flow. 

All electro-magnetic relays have 
three basic parts: (1) A current carry 
ing winding to convert electrical en 
ergy into magnetic energy; (2) An 
iron, or other magnetic material, mem 
ber (called an armature, clapper, of 
plunger) that is magnetized by th: 
field surrounding the current carrying 
winding in a manner such that me 
chanical force is produced; (3) Means 
of transferring the armature into work 
output, which is usually achieved by 
the making and breaking of electrica 
contacts. 

These three basic parts are shown in 
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implified form in Fig. 1. An input 
ircuit of one or more turns of the 
ectrical conductor, when excited, pro 
luces a magnetic field that pulls the 
rmature downward at the end near the 
oil. The armature rocks about a pivot 
while restrained by a spring. When 
the input circuit is energized, the 
rmature closes electrical contacts in 
the output circuit. The coil core and 
the heelpiece or yoke provide a return 
path of magnetic material 

Even the best of low retentivity 
electro-magnetic material has some 
residual magnetism after de-energiza 
tion of the coil. Therefore, to prevent 
the relay failing to restore after de 
energization, the armature is usually 
not allowed to strike fully against the 
coil core. An air gap is maintained 
even in the fully attracted position by 
means of a non-magnetic residual stud, 
or pany ible screw. 

f the current flow in the coil is re- 
ind to zero and then built up in the 
opposite direction, the magnetic field 
will also return to zero and be reestab 
lished, but with polarity reversed. 
This reversal of polarity, however, 
does not normally affect the operation 
ot the simple relay. 

The basi parts of a tele ‘phone type 
relay are identified in Fig. 2. The coil 
is wound on a spool consisting of a 
coil core, front and rear spoolhe: ids 
(cheeks) and terminals. The coil is 
fastened to the heelpiece by a screw 
The heelpiece serves as a mounting 
for other relay members. The arma- 
ture has a fixed bearing pin and pivots 
in the armature yoke. In the pileup of 
fixed and movable contact springs, the 
springs are separated from each ether 
by insulators, and the movable spring 
rest against each other with their 
spring buffers in contact. 

Electrical contact is made between 
springs when the armature presses the 
movable springs, through an insulating 
member called an armature buffer, 
against the fixed springs. The stroke 
of the armature is limited by a back- 
stop. The residual gap between the 
armature and coil core is maintained 
by the residual screw. 


Telephone Type and Power 
Type Relays 


In this discussion of both the tele- 
phone type and the power type relays, 
it should be clearly understood that 
each has features giving it preference 
for some particular industrial appli- 
cation; each likewise has limitations 
not found to an equal degree in the 
other. Furthermore, to achieve the 
best over-all applications, the two types 
often should be used in combination, 
in a way such that the advantages of 
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welding and resultant stick- power mul 

the contacts might make the 
inoperative long before any the two t 
deterioration of the contacts was visi- 
ble. The telephone type relay irrespec- tages and limi i 
tive of its type of contacts does have relay is given in Table I. There is, of 
less maximum 
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circuit 


Electrical 


conductor 


Contact spring --- ~~~ , a" ^ piece 


Contact spring -~ 


terminals 


Contact springs” 
pile-up insulator 


Coit terminai -~ 


Coil spool-head (rear) 
/ 
Contact spring buffer (bushing) i 
/ 
Armature backstop —------ , arm cover 


one will complement the shortcomings than the heavy 


the other. 


In an application where only a deli- tem shown in Fig. 3 is controlled from 
pair of contacts is employed for a 
control of the relay circuit, a suitably — 1« 


power consumption and higher value 
would likely result in 


Fig. 1—Parts basic to a!l clectro-magnetic relays, with input and output circuits 
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,' end screw 
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`n Coit spool head į front) 


2—Nomenclature applying to the structural parts of telephone type relavs 





Telephone - type Power -fype 
relay relay 
Controlled 
heavy power 
output circuit 


ed 


Fig. 3—Telephone type and power type relays cascaded to obtain a high degree of 
multiplication, where range is greater than either relay alone can provide 
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ontacts capable of hand 





chosen telephone type relay will per- and is connected to a controlled cir- 
form efficiently without excessive de- cuit of 230 volts, 15 amp indu 
terioration of the control contacts. For load. The power multiplication ran; 
the same application, a power type (0.1 to 3450 watts or 34,500 to 1 
relay, because of its relatively greater ratio) is greater than either relay alone 


can provide. This range starts below 
the reach of the power type relay and 


the controlling con- ends above that of the telephone type 


tele 
tiplication is provided with 
good circuit results, however, when 


Pes die usca 


in cascade 


ison of the general advan 
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A com; 
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Table I 


TELEPHONE TYPE RELAY 


I t Y nen 
usung open 
tain spe inc cases; 


facts are generally as presented 


Physical Considerations 


Since the chief advantage of the 
power type relay ts its ability to handle 
large amounts of power on its con 
tacts, the size of this relay is dictated 
in large degree by the size of contacts 
and the amount of insulation that must 
be provided. At maximum rated cur 
rent the contacts must be large enough 
to maintain current density (amp per 
sq in. of contacting surface) below 
certain critical values, in order to avoid 
fusing or excessive resistance. from 
heating of the contacting faces. Fur 
thermore, if a maximum of “‘creepag 


P5 


L 


distance” is to be maintained to guar 
intee freedom from flashover and leak 
ipe currents (or to satisfy Underwrit- 
rs requirements), certain spacing of 


insulation and air raps between con 


Fig. 4—Single and double arm pile-up miniature telephone type 
relays. Minimum size depends on physical and operating factors. 


—_—_—$——$ 


Characteristics of Relay Types 


nn “Sw 


POWER TYPE RELAY 


accessibility for heavy external wiring, 
the terminal sizes and spacing require 
more room than is generally provided 
by the telephone type relay 

In addition, these features make the 
power type relay more resistant to 
rough handling when being installed, 
wired or serviced by relatively un 
skilled personnel. Unskilled or care 
less electrical workers cannot properly 
install, service or repair a telephone 
type relay, but may satisfactorily per- 
form these services on a power type 
relay. This hazard cannot be ignored 
by the designer and user when select 
ing a relay to be installed and oper- 
ated beyond control of the manufac- 
turer. i 

Physical factors that favor telephone 
type relays are smallness and lightness 
They are available in many sizes. Two 
miniature relays are shown in Fig. 4. 
There is, however, a minimum eco- 


nomical size. The spool size, obviously, 
must be such that it can be readily 
wound for the coil. The contact spring 
nust be large enough to permit weld 


ing contacts to it. The minimum allow 
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ble size is dictated by the cont 

to be handled by the contact 

the number of contact springs 
d, the time delays necessa 


speed of operation and releas 
the amount of power available for 
lay operation. 

When a circuit employs several 


lays, the advantage of mounting 


side by side on a small surface 
1] 
il 


] 
a sma inciosure is important 


smallness in size comes the adva 
of reduced weight. In a small 
or a portable one, the weigh 


should be carefully considered 


large control panels mounting a 


ber of relays, the use of a small 
may be a factor in meeting maxin 
Hoor loading requirements 

Power type relays often 
to one, or at the most two, unt 
planes. Telephone type relays are g 
erally independent of mounting 


tion. restrictions 


to meet the needs of the pu 
application. As many springs can 
provided 
arranged in any form, order, combir 
tion, or group of combinations in 


as required; they can 


sequence as required by the cir 

This flexibility in arrangement 

bined with desired coil character 

enables the manufacturer to 

economically a relay "custon 

to each specific applic ation 
Features providing maxim 


chanical life and resistance to shock 


and vibration are not exclusive to tc 
phone type relays, but seem to he 
easily and economically provided 
them. A telephone type relay with s 
inherent features is shown in | 


Electrical Considerations 


Electrical considerations that 
ence the choice of one or the ot 
type of relay are dictated by the 
quirements of the application. For 
ample, if the contact load exceeds 


Fig. 5—Telephone type relay designed for heavy duty servic 
resistance to shock and vibration, and maximum mechanical li! 
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power | 
idvanta 
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stroke 
closing 
than d 
telepho 
they are 
type re 
greater 
relays, 
either. 
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Desp 
terial 1 
ult to 
less ec 
basis a 
cause o 
and co 
modate 
one tel 
stituted 
relays a 


Fig. 6— 
ratio t 
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abilities of the telephone type relay, Selection of type of relay should be — economy, 


en the power type relay must be made on the 
ected. On the other hand, a tele- 
ne type is required where a relay 


st follow rate of ten 


basis of the degree of timing, 


reliability desired rather than the cost tion, 
A relay that is selected on a first cost 


rosion 


basis, but which is so unsuited to the A release 


impulses at a 


application that charges for service milli-seconds 


fifteen pulses per second. 

[o dissipate rapidly as much heat 
| power type contacts arc 
ve. Their mating surfaces are large 


calls have to be paid is obviously an der 
A high quality relay of 


somewhat 


favorable 
Fig. 6. But a ma 


possible, unwise choice 


although more 


area to keep the current density to 
practical value. Such contacts, there 
re. do not represent the ultimate in 
liability in low-potential, low cur 
nt circuits. Telephone type relay con 
ts, however, being smaller and con 
juently subjected to greater pressure 

unit of a more reli- 


le circuit. where the potential is in 


] 
area, prov IdE 


ficient to penetrate insulating films 
n contacts, or where the service is not 
fhcient to keep the contacts cleaned 
Conversely, where the power level con 
rolled is high and suffi- 
ent to penetrate insulating films, the 


voltage is 


power type relay contacts may have an 
idvantage 

Power type relays, which are long 
stroke devices, require more time for 
and 
than do the 


their contacts 
relatively short stroke 
telephone type relays. In addition, since 
they are generally more massive, power 
type relays are slower because of their 


inertia. With telephone type 


closing opening 


greater 


time delays can be 
either produced or avoided as desired 


relays, however, 


Economic Considerations 


Despite the greater volume of ma- 
terial in power type relays, it is diffi 
cult to say that one relay is more or 
less economical than the other on this 
basis alone. Frequently, however, be 
cause of the greater number of springs 
and contact forms that can be accom- 
modated along with timing features, 
one telephone type relay could be sub- 
stituted for two or more 


power type 
relays at 


the same point in a circuit 


Fig. 6—4A telephone type relay having a 1 to 1 lever armature Fig. 
ratio to obtain a slow release. Bearings are grease retaining 


initially, therefore, may be 

economic choice 
Designers should consider relays 

an integral 


rather than things 


product 


their 
added after all 
design 


part of 
to be 
other parts of the have been 
to sele ta 


relay, based on economic and 


completed. The ideal way 
other 
principles, is to consider what thc 
and work back 
input." 


This principle may be applied to the 
f I Lt 


end result Is to be, 


wards to the 
ircuit shown in Fig. 3. Assume that 


the end controlled 


result 
designed electric motor, 

230 volts and having an inrush current 
of 15 amp. A power type relay having 
ontacts capable of handling this load 
is obviously required, but the powering 
relay straining its 
“input” is impractical. Per 


of such a without 
contacts at 
haps electronic tube amplification of 
power available from the control con 
tacts is required; or a telephone type 


intermediate relay must be provided 

If this problem is attacked from the 
input” end, the natural temptation is 
relay in 


to use the telephone type 


dicated by the 


control contacts, and try to get by with 


deli ate nature of the 
out the power type relay. Such a solu 
tion would overload the contacts of the 


telephone relay and produce something 
less than optimum performance 
fundamental 


economic factors are 


Unless limiting and 


understood it is 


somewhat confusing to attempt the 


selection of the most suitable telephone 
type relay for any 


Different types 


grees Of performar 


ITpOsc 


of the 
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-A relay in which the springs extend outside 


heelpiece, thus increasing space required for n 
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(A) 





1 (A) According to accepted practice, the position of 
each slot is completely defined by the two linear and 
one angular dimensions shown. But this form makes it 
difficult to lay out the part for production on standard 
equipment because the exact position for the milling cut- 


(A) A shaft dimensioned in this manner can be 
turned directly using the data given. However, shop 
calculations must be made to locate the shoulders so that 
carriage stops can be properly positioned. Furthermore, 
it is impractical to scale the given dimensions while the 





` E A A ->= B je 

Eo | | 

: 0 | 

ME 

; € 

: dcl 

: (A) 

: 5 (A) Layout of this block as dimensioned requires 
: trial-and-error location of reference marks or shop- 
: calculation of the angle shown in (B). Either method 
: takes time and can lead to errors that result in costly 
: scrap losses. (B) If the angle is on the drawing when 
$ 
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Dimensioning Parts fo 









CO 





(A) 


(B) 





(A) The 
holes, a 

specif yin, 
sed by tol 
r of flang 


ter is not known. (B) By rotating the part and de 
the distance A from the center line, the milling 
can be immediately positioned. Reference dimens 
which varies with the tolerance of the blank di 
is added to preclude shop miscalculations. 


Y 


re Spec 
active coil 





(A) W 
mandrel 
trial an 
ring beco 
en the w 


lathe is running. (B) Lathe operations are sin 
when the dimensions appear as above and carriage 
can be set immediately. It is convenient to hold 
against a shoulder during a turn and then disengag:: 
carriage when C and D cuts are completed. 


(7 
t 


(A) 1 








it is received in the production department, the block Hi) determ 
be clamped in a vise on a machine table and swun; t fully . 
to the correct position ready for machining. Sh ise ol 


are therefore less apt to occur, as well as appreciable "Miloown. 
ind material saved. 
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\ 


2 Drill N holes 
. equally spaced 





(A) The center hole complicates the layout of flange 
holes, a dividing head or rotary table being required. 
specifying the radius R for the small holes, the error 
ed by tolerances is doubled when there is an even num- 


; of flange holes. (B) This revision of dimensions 


re spec 
active coils 


(A) 


(A) When a spring is 


dimensioned as above, the 
mandrel size, as well 


as winding lead, is determined 
trial and error. This condition results because the 

becomes larger in diameter and coarser in pitch 
en the wire is relaxed after winding. (B) Handbooks 


T 
panis B 
! 
= 





(A) Though the shape of this part is geometrically 
determined, the intersection between the two tapers 1s 
t fully defined in terms of shop procedures. Without 
: use of algebraic computations, the length of cut is 
known. (B) The change in dimension A and the addi- 
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bani E 
isa 
A Drill N holes 
A Dril Min 
(B 2 

permits the direct use of a height gage. If the 
holes are drilled on a jig borer, the machine 
easily set up from the information as given be 
dimensions are already in the required form, 


reducing errors and saving costly setup 


contain tab 
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outside 


Wire spec 
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les that 
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the drawing and the 
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Selecting the Right 


W. B. GIBSON 


Hydraulic Division 
Iwin Disc Clutch Company 


FLUID COUPLING 


For a Prime Mover 


How to match coupling characteristics with performance character- 
istics of electric motors and internal combustion engines. 


By FAR THE MAJORITY of hydraulic 


couplings are used between internal 


combustion engines or e.ectric motors 


and some piece of driven equipment 


In choosing a coupling for a particular 


] 


application, several factors must be 


considered Once the performance 
characteristics of the prime mover are 
known, the "net" 


horsepower and rpm 
available 


to thc coupling must be de 


Then, the 
bi 


termined proper size cou 
chosen and the combined 
of the two 
plotting the 


peed curve on the 


units calcu 
Pena mover 
slip curve of 
Finally. the 
tion capacity of the coupling 


ipling sele ted 


e checked for existing duty 
conditions 


When 


to a power 


applying a hy Iraulic coupling 
ource, the size of the 
coupling is normally selected to 

from 3 io 5 percent slip at full run 
ning load 


T 


promise in the normal 


and speed. However, a com 
method ol 
selection may be required to properly 


match the 


drag torque of the coupling 
with the 


torque curve of the prime 
make available the maxi 
or electric 
g and accelerating the load, it 
ble to have the om 


curve of the 


motor tor IC 


torq IC 
" + 
hydraulic coupling inter 
sect the prime mover torque 
its peak ov’ put. 
of standard 


e curve 
This is especially true 
squirrel cage electric 
anywhere 
300 percent of the full 
made available for 
When the armature comes 
the peak torque speed rapidly 
the current consumption f 


motors where from 200 to 
load torque 
can be accelerating 
purposes 
up to 


falls ex 


136 


tremely rapidly trom the initial start- 
ing current, which makes the motor 
starting problem much more simple, 
lessens motor heating and 
demand. To properly 
the drag torque curve with the 
prime mover 


reduces 
match 
peak 
curve, may re- 
quire the use of a smaller 
one ot 


pow er 


torque ) 
coupling or 
reduced capacity and thereby 
operation at a higher rate of 
slip at the full load s speed range. In- 


torce 


asmuch as slip is directly proportional 
to efficiency loss and therefore heating 

the hydraulic coupling. good judg- 
ment must be used, taking into account 
the complete duty cycle of the machine 


n | Drag forque| 7 
curve of + 
coupling 


ft-Ib 


5 
o 
O 


Torque 


Input 


Pnopuci 


on which the prime mover and 
draulic coupling is to be mounted 
location and operating conditions 
A thorough understanding of 
slip curve of a coupling Is - 
when selecting a unit for 
age ation. The « apacity of. a cot Ip 
2 percent slip is determined hy 
ul slishing 


piven 


various input speeds 


controlling the corresponding out 


speeds to exactly 98 percent and n 
uring the 
mitted 


Ek ou» 


absorbed and 
This process IS repeated 
percent to 
slip curve as below in Fig. 1 ( 
which is for a 17.5 


torque 


“Net” torque 
ve of engine 


1200 
speed, rpm 
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SMALL TRACTION COUPLING on Ua a 
he output shaft of a 6 hp gasoline en- \ 
zine. Matching the coupling to the 7 ~~. 
engine insures efficient operation 


coupling without blads ‘ 
ks (which are used to block oft 
P 
nents of the oupling and thus 
its Capacity ) 


[r asmuch as the coupling 


t A (ile 


nput torque to the output shai 


| 
hout loss, pertormance of the prime 
ver and coupling combination can 


calculated by plotting the prime 


over torque speed curve on the slip 
ve. At each intersection of the 


m 
| 
ve, the output speed is determined 


mover torque curve with a sl 


multiplying the corresponding in 
speed by the ethciency or 100 per 
minus the slip. For example, 
ssume the prime mover or input 
torque to be 700 lb-ft at 1.600 rpm 
[his occurs at 4 percent slip, and, 
herefore, the output wili be 700 Ib 
1.536 rpm (1,600 x 0.96) 

[Io apply a typical 17.5-in. hy- 
lic coupling to an internal com- 
ustion engine, "net" torque and 
horsepower curves of the latter must 
x considered. The “net” curve rep 
resents the power and torque available 


it the fiywheel after deducting all 













parasite loads such as fan, generator tions, the coupling is “lugging” the torque curve of the typical eng s 
ind other accessories The net engine The unmodified  17.5-in gain plotted on the slip e Now 
torque curve of this engine is there coupling is therefore too large for this the output shaft stalls 
fore plotted on the slip curve as shown engine speed of 895 rpn A 
in Fig. 1(A). It will be noted that The capacity of the co ipling can b loser to the peak t g 
the drag torque curve of the hydraulic reduced by installing blade blocks to At full throttle e eng ^ 
oupling intersects the engine torque reduce the volume of oil pumped leliver 58 
rve at an input speed of 660 rpm, Looking at Fig. 1(B), which repre at 2 nn whilc C 

wel! below the peak torque available sents the same 17.5-in. coupling, but oupling will deliver 58 

the engine ir 







L “Net” torque 1| — 
curve of engine 
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17.5-1n stamped steel hvdra 
; 












coupling. Drag torque and family of 


slip curves are plotted for unmoditie 
coupling without blade blocks, (A) 
and modified unit with blade blocks 
(B) Net" torque curve for internal 
combustion engine intersects d 










curves at points P. and P p 


uc 








ut speed t 66O rpm. shows p 





at in 





eration is well below the peak torque 





of the engine and indicates coupling is 


1200 
Input speed, rpm 








| > T nmut f i )4 
too large P; at input speed of 8 


1 1 
rpm, is closer t peak engine torque 
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safety feature to prevent stalling thc 
engine, provides more time to releas 
the master or service clutch and reduces 
the shock imparted by the engine fly- 
wheel. Cooling may be provided in 

rtain models of hydraulic couplings 
by an air to oil radiator or an oil 
o water heat 


exchanger to permit 
long periods of running at high slip 
The unshaded areas in Fig. 1 rep- 


resent the safe, continuous operating 


horsepower 


c 
o 
+ 
o 
o 
o 
- 
— 
o 
o 
I 


1600 





range in which maximum torque and 


speed can be obtained without over 
heating the coupling. For example, the 
typical internal combustion engine may 
operate at full throttle and approxi- 
mately 3.6 percent slip continuously 
without over heating. Four percent slip 
would be marginal and 5 percent slip 
definitely questionable. Continuous op- 
eration at higher slip would result in 
overheating in a relatively short time 


2400 


Outer member speed, rpm 
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Fig. 2 
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Input speed, rpm 


Fig. 3—Horsepower capacity and drag torque charts 
D curves on both charts are for basic couplings that 








Heat rejection capacity chart for fluid couplings plotted in terms of horsepower 
at 150 F rise above ambient temperature. Values taken in free air have been reduced 
by one-third to allow for housing, insulation and paint, which restrict escape of heat. 
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Short periods of high slip for start 
or accelerating loads with adequate 
riods of normal slip operation for « 
ing are not at all detrimental. 
Partial throttle operation may 
permit continuous high slip with 
overheating, such as 14 percent slip 
200 lb-ft torque and 815 rpm inj 
Similarly, continuous stall at 300 
100 rpm input is permissible, as mig 
be obtained on a hoist with dr 
brakes set and master clutch engaged 


If accurate heat rejection data 
required, reference should be made 
the heat rejection capacity curve, I 
2. Heat rejection capacity is bas 
upon stabilization. of coupling tc 
perature at 150 F above free air 
ambient temperature and is related 
input horsepower. 

Use of the heat rejection curve 
simple in that the operating conditio: 
for a given coupling is determined 
with respect to input torque, input rpn 
and slip. Input horsepower is deter 
mined from input torque and rpm and 
then, by use of the slip figure, the heat 
rejection required is calculated in terms 
of horsepower. Referring to Fig. 1(| 
for full throttle operation, assume 
condition in which there is 43 percent 
slip at 1,900 rpm input. This rep 
resents 600 lb-ft torque or an input 
of 217 hp. Heat loss at 43 percen 
will be 9.77 hp. Referring to Fig. 
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for steel couplings ranging in size from 12.2 through 27 inches. B, C and 
have been modified with blade blocks to reduce unit capacities. 
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Fig. 
coup 


7.5-in coupling at 


OOO0 rnm 
1,900 r[ 
the heat 


rejection. Capacity. 15 
which 1s a little 


I 
77 torn "red t the 
hp required If the 


short of the 
coupling Is 
may possibly be 
the condition 
approved. If the unit 
iple circulation of 


i i 
not otherwise insulated, the con- 


to have an air and 
is satisfactory. 


] 


One important factor regarding heat 


ection capacity of traction couplir igs 


coupling, the 
sser the continuous slip permissible 
Heat rejection mainly a 
function of the surface area exposed 
| the air and therefore is directly re- 
ited to the diameter of 


that the larger the 


Capacity I5 


the coupling, 
whereas the horsepower (and torque) 
capacity is related to the fifth power 
of the diameter. While a 7.4-in., 
single-circuit aluminum coupling can 
pperate continuously at 20 percent slip 
it 1.750 rpm input, a 27-1n. unit must 
held within 2.6 percent continuous 
at 1,300 rpm input. Although the 
27-in. coupling is only 5.75 times 
larger than the 7.4-in. unit, hp capac- 
ity is more than 600 times greater. 


To facilitate the selection of the 
proper hydraulic coupling to match a 
given input horsepower and speed, the 

Horsepower Capacity Chart" shown 
in Fig. 3 has been devised for typical 
steel couplings ranging in size from 
12.2 in. through 27 in., and a similar 
chart, Fig. 4, for aluminum couplings 
from a  7.4-in. single-circuit unit 
through a 10.6 in. size. In both cases, 
two graphs are shown—first the 
“Horsepower Capacity” and second, 
the "Drag Torque". The first shows the 
horsepower capacity of various size 
couplings at rated full load slip of 5 


Horsepower capacity 


— 4% slip rating, 
e SN slip rating, 


Horsepower 


o 
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Input speed,rpm 


Fig. 4—Horsepower capacity and drag torque charts for single-circuit aluminum 


Fluid Coupling Terminology 


FLUID COUPLIN A device for transmit- 
her g n } inet nera 
DY Mcal i th l uc Energy 


ting power 
1 velocity 


of higi 


| 8 
1 


closed fluid circuit. 


within 


FRACTION COUPLING 

coupling where the oil circuit i 
no provision for 
disconnecting. 

VARIABLE FILL COUPLING i 

ling equipped with an oil sum 

E varying the volume ot I 
iun vari 


nstant 


ulic cou pling circu it to ot 
n the output 
Cooling 18 required 
DISCONNECTING COUPLING 
coupling equipped with a sump 
for completely 


t the cou 


hydrauli 
4 device 
emptying the hydrau cir- 
pling or filling ne per- 


g a mr (C d nnect « power 


percent for the steel couplings and 4 
percent for the aluminum couplings. 
Because the capacities shown are for 
the couplings, the "net" 
of the prime mover after all parasite 
loads have been deducted must be 
used. An engine rated 60 hp at 2,100 
rpm would require a 12.2-in 
without blade blocks 
manufacturer's curve 
for the bare engine. 
this instance, shows the parasite load 
for fan, generator and other acesso- 
ries to be 10 hp, leaving a "net hp" of 
50. Therefore a 12.2-in. coupling with 
16 = ade blocks is necessary. 

Speed of the prime mover will affe 
coupling selection. Had the prime 
mover been an electric motor rated 
50 hp at “7 730 e : 14.5-in. cou- 
pling with blade blocks would be 


horse power 


. coupling 
However, the 
states this to be 


Investigation, in 


Drag torque 


Drag torque, ft-lb 


COUPLING CAPACITIES 


3€ Single circuit (ol! others double circuit 


couplings ranging in size from 7.4 through 10.6 inches. 
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i i 
iraulic coupling 


lip refer 


shaft às 


and is expressed 


iput speed 
rectly 


DRAG 
vdraul 
but 


suitable 
motor had an operat 
>an 


locks would be 


17 


rpm, then a 1 


blade b 


Application to Driven Equipment 


Ina ppl lying a prime m 
| ciis t 
plete data rej 
duty" cycle of 
known. Caution should be 
insure against stalling at critical | 
during the cycle. Here, a stall 
not necessarily cause permanent 
age to the engine, but, in the 


motor, this conditi 


adapting the 
" to driven equi; 


considering 


In gener: 
horsepower 


this 
that the true 
determined 


whenever possibl 


^ "m + 


se oi 


centrimuge 


reversals or 
permissible 
Consider 
ameter that mi De acc 
rpm. The WR: factor 
The cycle re- 
min to unload and 
3.0 min centrifuge-time at full speed 
and 1.5 min to brake with air (no load 
on motor-coupling). An average of 
six cycles must be completed every 


: ; 
eierated t« 
is estimated to 


be 8.300 


$ f2 1 1t 
D-Il duty 


quires 2.0 load, 








| Ix yu] g SiZ 
1 npe t € rise [o 
M | ors 5 pe no 
^ O^« ating must be foun 
A i 8 pm, high starting 
itor 1s being used with \ 
elt o if o th trifuge 
A ngs indicate that a I 
hp «00 rpm motor might be us 
with a fluid co pling 
Referci to the horsepower capa 
ty chart, Fig 4 shows a 9.5-in. alumi 
num coupling is suitable for 10 hp at 
1,750 rpn with about 4.5 percent 
slip. The actual torque-speed curve for 
the motor is plotted on the 9.5-in 
oupling slip curve as in Fig. 5 and 
table prepared in which to record 
several values of motor speed, torque 
i sl P to omputing the output 
characteristics. Points on the motor 
oupling slip irve are determined 
from the shape of the curve, in this 
case for stall, 20, 15 and 10 percent 
lip well as full load at 4.5 percent 


slip These values are then averaged 


Sit for simplicity, onstant or uni 
form torque can bc assumed during 
RT leration. By breaking down thc 
problem into small increments of input 


rpm, solving for each pe summariz 
ing final results, more accurate checks 
can be mad 

The ratio required between the 
coupling and centrifuge is the coupling 
output rpm at full load, 1,660 rpm, 
divided by the centrifuge rpm of 750 
or 2.21 to 1.0. Using the average 
value for the torque, 58.1 ft-lb times 
2.21 becomes 128.5 ft-lb at the cen 
trifuge. Substituting in the accelerating 
time formula in which 


WR = WR factor of centrif ge, lb-ft 


V = Centrifuge speed, rpm 
1 Aver. torque, lb-ft 
Acceleration time, sec 
IR? $8300 x 750 
108 7 308 x 128.5 
157 sec or 2.62 min 


This gives a cycle time of 


Unload and load 2.00 
Accelerate 2 62 
Centrifuge 3.00 
Brak« í — 1.50 
Total time per cycle, min...... An 


6.58 cycles per hour 


In computing the temperature rise 
per start and determining whether or 
not the coupling can handle the entire 
duty cycle without overheating, the 

“Jost” horsepower values (due to slip) 
must be used to determine the heat 
absorbed; and the heat rejection curve 
from Fig. 2 used to determine the heat 
rejected to the air. A balance for the 
entire cycle must be obtained in favor 
of the heat rejected if operation is to 
be continuous without overheating. 


A balance can be determined by 
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taking each phase of the cycle - 


vidually During the accelerating 

period, there is an aver: p ban 
loss of 3.95 in 157 sec. During this 
period, the average utþut rpm is 


1,074. At this rpm, the actual heat re- 


jected 15 equivalent to 1.40 hp ( ac- 





cording to Fig. 2) for the same period 
of 157 seconds 
Similarly, during the centrifuge 


phase, there is 0.45 hp lost during 
1 80 sec., but an equivalent of 1.8 hp in 
heat rejected to the air for 180 se 
Here the output rpm of 1,660 is used 

During the braking period, the mo 
tor is shut-off, but the coupling, being 
connected to the tub, will tend to 
brake the motor. It is reasonable to 
assume the same conditions as for the 
entrifuging phase during the 1.5 min 
or 90 sec of braking time. Therefore, 
0.45 hp in heat is generated for 90 se 
and an equivalent of 1.8 hp in heat 
is rejected to the air during the same 
period. No cooling can be expected 
during the stationary (loading and un- 
loading) phase because there is no 
ettective circulation of ait 

Using the constant value 0.708 btu 
hp sec to figure the amounts of heat 
absorbed and rejected during the dif 
ferent phases of the duty cycle, and 
summarizing using the above horse- 
power and time intervals: 


HEAT ABSORBED 


Accelerating—0.708 X 3.95 X 157 139.0 
C entrifugc 0.708 X 0.45 X 180 = 57.3 
Braking 0.708 X 0.45 xX 90 28. 
| ilb 524.9 
Hrar REJECTED 
Yccelerating—0.708 X 1.46 X 157 2 162.2 
Centrituge 0.708 1.80 * 180 = 229.2 
Braking 0.708 x 1.80 1) = 114 
[otal btu = 506.0 


Actual speed torque 
curve /Ohp /800rpm 
normal torque motor 


—— — 





Jf ORA LAA 


Fig. 5—Performance characteristics of 9.5-in. aluminum coupling with torque-s 
curve for 10 hp, 1,800 rpm normal torque motor plotted on coupling slip c 
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Fig. I—Severe condition of bearing races due to 
friction oxidation. This phenomena of large in 
dentations has often been called "false brinelling.”’ 
such a condition is not the result of deforma 
tion from extremely heavy loads but due to wear 
caused by the small 


prevent adequate 


balls 
lubrication 


oscillating motion of 


which surface 


Factors When 


Considering 


Anti-Friction Bearings 


For Oscillating 


Service 


Modified load rating and recommended lubrication 


practices will minimize premature damage and failure 


when these bearings are subjected to small oscillations. 


F. G. PATTERSON 
Research Engineer, 
The Fafnir Bearing Company 


LOAD RATINGS of anti-friction bearings 
that oscillate through small angles 
must be lower than those of a single- 
direction rotation bearing. The method 
of installation and the lubricant to be 
specified also requires special consid- 
eration. Otherwise, premature bearing 
failures will be the result. Initial con- 
ditions of such failures have been 
illed false brinelling, fretting corro 
sion, or friction oxidation. 

When bearings fail under oscillat 
ing loads, the races show signs of de- 
formation and discoloration in the 
region of ball contact. This condition 
s shown in Fig. 1. In addition, the 
alls or rollers have slight flats in the 
area of contact. Such failures have 
een observed in a wide variety of 
ipplications. 

Years ago this type of failure was 


observed in automobiles which 
shipped in freight 
country, Even slight oscillations of the 
front wheels under the light load of 


their own weight produced similar re 


across the 


Car» 


sults: balls and rollers were found to 
be embedded in the races. These bear 
ings would fail completely after driv- 
ing short distances. Main thrust bear 
ings of variable-pitch airplane propel- 
and helicopter rotors also 

failed in the same manner, as 

trol pulley bearings and textile ma- 
chine bearings which were subjected 
to oscillatory motion of small ampli- 
tudes. There are many applications of 
anti-friction bearings which are sub 
jected to vibration while 


1 1 
lers have 


lid con 


normally 
rest of oscillate through small angles; 
automobile spring shackles and king 
pins, aircraft rocker arms, la 
wheels, and cam followers are sus 
ceptible to this phenomena 

Bearing damage of this type has 
been considered as fretting oxidation 
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Fig. 2—Localized area of contact is the 


result of a load acting between the 
curved surfaces of the balls and races. 
The semi-elliptical stress distribution 


shown lies within the area of contact and 
can be calculated by the Hertz equation. 


= 
: 
* 
) 


Fig. 3—Single-directional motion of ball 
in fluid greases cause a definite pattern. 
An oscillating movement results in con- 
tact of ball in the sparsely lubricated 
region. 





mitigate the problem of oxidation. 

With a ball under load in the bear- 
ing race, there is an area of contact 
(Fig. 2) which is dependent upon the 
load and the dimensions of the ball 
and race. As the ball rolls, this con- 
tact area moves around the bearing 
race and the volume of grease dis- 
turbed by ball motion follows a defi- 
nite pattern. This is shown in Fig. 3. 
As the ball squeezes aside the grease, 
there will be heavy ridges of grease in 
front of the elliptical contact area; 
following the ball there will be 
streamers which are the result of the 
grease returning to fill the void caused 
by the passing ball. These streamers 
trail behind in a triangular shaped area 
which is devoid of grease; this condi- 
tion is possible only with highly fluid 
greases which tend to follow in closely 
behind the contact pressure ellipse of 
the moving ball. Thus, with recipro- 
cating motion this poorly lubricated 
area is subjected to cyclic loads. A 
more severe condition exists with 
heavier and fibrous types of grease; 
for a channel or path is formed by 
the oscillation motion of the ball and 
replenishment behind the ball does not 
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occur due to the lack of trailing grease 
streamers. Although such greases have 
good adhesive qualities, the critically 
t 


stressed surfaces are not lubricated. 


Totalization of Pressure 
| contact between 
improperly lubricated surfaces is meas- 


The severity of th« 


ured in terms of a quantity known as 
the Totalization of Pressure. This total- 
ization for any point is the total 
sure passing over that point before 
that point is relubricated. The relubri- 
cation may come either from contact 
with the main body of the lubricant or 
to a lesser extent by contact with the 
lubricant in the form of a mist. The 
effects of lubrication and load condi- 
tions can best be illustrated by certain 
oscillating conditions which may exist. 


Dres- 


USUAL OSCILLATORY CONDITIONS 
where the bearing race is subjected to 
two types of totalization. This is 
illustrated in Fig. 4(A) where the 
region in between the extreme points 
are relubricated before they again come 
in contact with the ball. Hence, this 
condition is similar to that of a single- 
rotation bearing. At the extremeties, 
however, the situation is different. 
Here the contact area passes partly 
over a point, changes its direction and 
passes back again over this point be- 
fore this region can be relubricated. 
Totalization is therefore obtained by 
considering part of the contact area as 
passing over the point twice. Calcu- 
lating the magnitude of totalization 
in this region gives a maximum of 
twice the value of that of uniform 
rotation. See Fig. 4(B). 


EXTREME OSCILLATORY CONDITIONS 
where the most critical condition 
occurs when the length of motion de- 
creases so that the ellipses of contact 
overlap. This ae position 
never moves enough to become relubri- 
cated. As a result, the totalization of 
pressure per lubrication cycle in this 
region becomes infinite (Fig. 5). An- 
other extreme operating condition ex- 
ists when the time of dwell is long (at 
reversal which occurs twice per lubri- 
cation cycle) and thus squeezes the 
lubricant film thinner than any single 
direction rolling could do. This action 
permits the two metals to approach 
each other sufficiently close that mole- 
cular attraction welds the metal and 
which breaks leaving jagged depths or 
pits. 


Bearing Rating 


Under oscillating conditions, the 
load rating of a bearing should be less 
than that under conditions of uniform 
rotation. On the basis of equal values 
of peak totalization, the load should 
be reduced to approximately 35 per- 
cent of that of a single-direction bear- 


ing operating at 
With 
ing bearing would have the 
safety factor as single directional ! 
ings. However, this relationship is : 


equivalent sp 


; - I 
this consideration, an ox 


valid when the motion is smal 
that the contact ellipses of an 
vidual ball overlap. 

In choosing a bearing from a 
alog, the equivalent or hypothe 
speed of the oscillating bearing 1 
be first determined on the 
equal numbers of stress repetitions per 
minute caused by the individual bal! 
moving at the retainer speed. 

In choosing bearings, catalog rating 
should be used as follows: 


A 9114K bearing is radically loaded 
with 884 lbs. The inner race oscillate 
+ 38 deg at 450 cpm. 

An extra-light bearing 9114K 
considered for a 884 lb radial 
application. 1t bas a 70 mm bore, 1 
mm OD and 15/32 in. balls. 


There are 14 balls in this bearing, s 
the angle between the balls is 360 
= 25.714 deg. Since the balls mo: 
42 percent of the inner race movemen: 
this motion is: 0.42 X 76 deg =s 31. 
deg. This angle is greater than the ba 
spacing; thus a point on this race 


basi 
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Fig. 4—Extreme positions of balls 

oscillating motion have poorest lubrica 
tion and result in highest Totalization of 
Pressure. (A) Plan view illustrates rc 
gion of poor lubrication. (B) calculate 
Totalization of Pressure, T in end zones 
is twice that of the center region; frictior 
oxidation wear of Fig. 1 occurs here 











Fig. 5—Very limited oscillation causes 
ellipses of contact to overlap. This region 
is never lubricated and the Totalization 
of Pressure becomes infinite. This cond: 


tion causes premature bearing failure: 
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ntacted by two adjacent balls during 
ich cycle. Consequently, there are four 
vadings during each oscillating cycle 
two loadings normally occur in each 
ycle when only one ball contacts a 
point on the race). The frequency of 

ad application is: 4 ^, 450 — 1,800 
oadings per minute. 

This rate of loading is to be com- 
pared with that of a single direction 
motion where 42 percent of the balls 
pass a particular spot during each rev- 
lution of the inner race. In this case, 
\.42 X 14 = 5.88 balls per revolu- 
tion of the inner race. With this factor, 
he hypothetical speed of the oscillat- 
ing bearing is: 1,800/5.88 — 306. At 
his speed, the particular bearing has a 
adial load rating of 3,163 Ib; for an 
oscillating load, the rating becomes 
35 X. 3,163 — 1,107 pounds 

If a bearing were chosen for this 
ipplication with smaller balls, such as 
; KP 33B with 41 balls, only one ball 
would pass a particular spot on the 
race. As a result, the contact area 
would be loaded twice during each 
»scillation .*. 2 X 450 = 900 loadings 
per min. In addition, the single direc- 
tion load frequency is 0.42 X 41 = 
17.22 balls contact a point on the 
uter race for each inner race revolu- 
tion. Thus the hypothetical speed 
00/17.22 — 52.3 rpm. This value 
s to be compared with the speed of 
306 rpm above 

If the outer race were the driving 
nember, a factor of 60 percent should 
» used (instead of 42 percent) to 
letermine the motion of the balls. 


Ball Size: Whenever possible the 
scillating motion should be made 
ficiently large to insure optimum 
ibrication: where fresh lubricant is 
ought into the contact areas. Over- 
apping conditions of the contact areas 
of a single rolling element should be 
woided, but overlapping of two or 
three adjacent rolling contacts is de- 
sirable. If the motion is extremely 
small, two steps can be taken: (1) the 
ball size should be reduced so as to 
ipproach 180 deg ball rotation; (2) 
the outer race should be made to oscil 
late with the inner race held stationary 


Ball position will move approximately 


0 percent of the outer race angular 
motion. With the inner race moving 
(outer stationary) the ball positions 
move about 42 percent. 

In choosing an oscillating bearing 


the KPB series (aircraft type) should 


c useful. Since they have many balls, 
smaller angle of the driving race will 
ause a point on the ball to contact 
oth races 


Lubrication; The choice of a proper 
ubricant is an important part of 
his type of application. Most types of 
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Fig. 6—Extensive testing on oscillating bearings has proven the Totalization Theor 
and established a basis for properly rating bearings for this type of application. (A) 
Machine used to test thrust washers. (B) Testing machine for radial loaded bearing 


greases customarily used in single di 
rection bearings have proven unsat 
isfactory for this purpose. There has 
been one exception, where a zinc oxide 
filled grease was very satisfactory. Ex 
tensive testing has revealed that cer 
tain greases can increase the per- 
tormance of oscillating bearings by 30 
times as compared to those previously 
used. The lubricant specified for os 
cillatory motion must be very fluid, and 
not prone to oxidize. Lithium-base 
greases and some fluid, extreme-pres 
sure greases have proven most satisfac 
tory. 

There are two simple ways that os- 


cillating bearings can be applied 


(1) Individual bearings having in 
tegral grease seals; this type should 
be fully packed before installation 

(2) Bearings assembled 
and the outer seals are 
quires external 
supply ander pressure 

Besides these. 


in a group 
retained, re 


special housings can 





connectors for grease 


be designed with certain considerat 
in mind 
greater 


Provisions must be made for 
capacity of lubricant; good 
grease seals should be used to prevet 

the — of lubricant, and thus 

duce the amount of oxvgen availabl 
grease chamber must be fully packed 
and under press 


re if r thle t 
ure il possit iC 1 








the grease into the critical and sparse 
lubricated zones. For example 
testing progr: removing « < g 
seal was found to reduce g 
life materially 
Bearing life can be increase 
hanging the lubricant period V 
a 7 s 
[he iDrasive 
off the bearing s s ses 
nalor par ) tne ice SSOK 
with friction ox ion. In add 
the lubricant becomes more corrosi\ 
as its properties change through os 
prol 
latory lubricating action. Changing thc 


lubricant not only removes the abrasive 


i 
particles, but also supplies a less cor 
rosive lubricant to the bearing 
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Fragile or Brittle 


WILLIAM SCHWARTZ Soft 


Consulting Engineer, New York, New York 


SMALL PARTS, FASTENINGS, AND 
usually brought to processing and 


dom heaps 
many of these feeding, sorting, and 


parts approximating them in shape, 
design is usually necessary. 


l. Pierced Drum Feeding, Sorting, and Counting Hopper 


A drum driven by a ring gear and 
supported on idler rolls has station- 
ary troughs fitted into the ends which 
hold the supply of parts. One line of 
holes around the drum, closely spaced, 
will remove a stream of parts when 
they drop onto a slide at the exit 
point. A stationary external guard 
keep parts from falling through except 
at the discharge point, and an internal 
guard lining the upper half keeps 


parts not discharged from falling 
back. The drum is slightly thicker 


than the height of the part, a bearing 
cap in the illustration. The drum 
revolves slowly enough so the supply 
of parts does not tumble, but rides 
in the bottom. A pair of slides pro- 
jecting far enough into the chute to 
pick up an upturned rim but clearing 
those turned down, will remove im- 
properly oriented pieces. These may 
be dumped into a bucket at the end 
of the slides, or into a hopper equipped 
with a conveyor to return them to the 
feeding troughs. A counting roll fit- 
ted with spokes projecting up through 
slots in the delivery slide, will hold 
parts on the slide until needed. The 
slide will fill back to the drum, and 


PACKAGI 
assembly operations in ran- 
Where these operations are to be mechanical, the 
parts must each be separated from their pile, oriented into the 
correct position, and fed in proper numbers and timing. 
firms manufacture ingeniously contrived hop pers applicable to 
counting operations, but 
except in the case of standard screws, nuts, washers, caps, and 
modification or 
Ten designs by the 


Nesting or Tangling 











COMPONENTS are 


Delivery Rate over 
100 _100 parts per minute 


Delivery Rate under A { 
100 parts per minute 
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Plan View of Slide 


M 
pi. 


successive parts carried to this point 
by the drum will pass over the last 
piece on the slide, remaining in their 
hole in the drum until they pass the 
drum delivery point again "a find it 





Multiple Stream Delivery | X | 


Best Applications of Designs Illustrated: The selections 
noted above can only be a rough guide to designers. Where 
several mechanism could handle a given type the simplest 
designs have been noted; specia! considerations must be 
weighed in all coses. 


Counting roll 
driven intermittently 














Section of 
drum on 
€ of holes 


/ 
Y Bearing cap 
\ typical part to 
\_ be handled 





Detail shows 
rails removing 
upturned pieces 


Slide 


FIG. 1 


unoccupied. Dividing the counting 
roll into the proper number o! seg 
ments, and rotating it throug 
of one revolution will count pieces as 
required by different applicati 
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illustrated and are presented as a guide to the designer 
faced with this type ot problem. Two other designs, 
interesting examples of devices now being made and sold as 
standard equipment by well known companies, have been 
included to broaden the scope and utility of the article 
These 12 designs should solve a big percent age of industry's 
feeding, sorting, and counting problems. However, they 
are not presented as the definitive work on this subject. 
Variations are of course infinite; each part must be han- 
lled as a special case, but the development work involved 
is made increasingly worthwhile by rising labor costs and 
the distaste, even of unskilled labor, for monotony. The 











































clip angle with unequal legs is 
to be chute-fed. The parallel wiper 
bars K-K move between the end rails 
B and C, positioned by the rods L-L 
and driven by the crank N. As they 
reach the right end of travel, project- 
ing bar G strikes the pivoting gate H, 
which swings to pass a few parts down 
the chute from the hopper. The 
timing is such that they fall between 
K-K. The spring J keeps the gate 
closed unless struck, and feed can be 
regulated by lowering or raising G. 
As the wiper bars move to the left, 
the mass of parts is piled against the 
right hand one, and as it pushes them 
over the slot in the table between belts 
E and F, some will drop one flange 
into the slot. These are carried out- 
wards by the belts, and restrained from 
falling through by the guides M-M 
Clearance between the bottom of the 
wiper blades and the table is such 
that the wipers pass over parts fall- 
ing into the slot. If only one line 
of clips is needed, belt E dumps its block A positioned 
load into a bucket below the delivery F 
end pulley. Belt F is also carrying 
parts, but half will have their long 
leg lying across its top surface. A 












of the clip b 
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Jor design of feeding, sorting 


and projecting inwards 
enough to be struck by 
ut not by the short one, cli 
will knock off any clips which are im- 


mechanisms 


| 
| 
recommendations checked in the accompanying table will | 
furnish a rough guide to designers. Where several selec 
tions can handle a given type of material or component 
the simplest design should be chosen, and must be mod 


fied to meet the special requirements of the 


. LAT Uu 
Quantities of pieces to be sorted, space requirements, spe eds 
required, and other such factors will also ente ot 
selection of these mechanisms Full-scale models must be 
built and thoroughly proven before these mechanisms « 
be placed in production, but their construction is not too 


wood, 


plastic S, and sheet 


[ 
parts | 


expensive because 
used for man 





Section O-O Take-off of sorted pieces 
just above belt properly oriented. Takeoff from the 
just far belt to a chute is shown in Sectio 


the long leg 0-0, where a knifedge angle 


will pick 
ps off the belt 


page) 
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A. Sorting Mechanism for 
Tube-Fed Long Parts 


This shown end-sorting studs so 
that all studs enter the funnel with the stud 
end down, has the advantage that all parts 
ontinue in one stream; synchronization of the 
shaft drive with other equipment can time or 
count the discharge. The spider has at the 
end of each arm a cup with an OD equal to 
that of the part and an ID slightly large: 
than the small end. While the shaft is mak 
ing a quarter turn, the edge of the rubber cam 
projects into the tube, holding the next piece 
from falling until one of the cutouts appears 
Timing is adjusted so that a piece hits the 
cup just after it is aligned with the tube center 
line. If the stub end of the part is down, it 
will rest across the rim of the cup. After 
the dwell period of the intermittent-drive the 
spider moves again, and the cup jerks out 
from under the stud, the stud falling into the 


device, 


Rubber carn 
surface 


— 


funnel below, the stub end still down. When 
a part drops small end down, the small end 
will drop into the cup. The arm starting to 
move, the end is held by the cup, and it moves 
away from the tube, which is split here so 
that the upper end slides along it. When the 
cup reaches some position between A and B 
the top end is no longer supported, and it drops 
When the stub end is below the level of the 
cup the small end slides off the rim, and the 
piece drops stub end down. 


. Phofoce// 
S/ide for — 
rejected \ ro — I 
» 


lischarge 
roles wil 


View A-A 
Arrangement of 
angle brackets 
inside drum 


Typical terminal clip 


SKETCH I! 


Section of drum FIG. 4 


4. Drum-and-Belt Feeding, Sorting Hopper 


brackets staggered in arrangement and having small lips. The brack: 
are just large enough to hold one piece, though in operation others w 
cling. As the terminal clips illustrated ride into the upper right quadri: 
of sketch II, most parts not securely resting on the brackets will fall. Th: 
belt is so placed that parts tipping out of the brackets above will ful! 
onto it; many will of course bounce off if the drop is too great or the 
belt too resilient. The belt carries the clips past the ‘xed uides A and B 
which either line them up with the belt or push them off The photocell 
light is interrupted by the high part of the clip, (the wire ferrule), which 
with a suitable time delay circuit corresponding to the time of belt trave 
from the cell to the solenoid, energizes the solenoid. The solenoid 
plunger extends and retracts quickly; if the clip is turned like D o: 
sketch I, the plunger hits nothing, but if it is turned — like F 
forked part of the clip is in the way and the solenoid plunger knocks 
the clip off the belt. A trough below the belt slopes down, carrying 
rejected clips back into the drum. If this feature is unnecessary. tl 
lips on the angle brackets inside the drum may be omitted, and th 
located just above the center and near the right side of the drum. In the 
case of the clips illustrated, the proportions and speed of the drun 
belt may be inani so that only pieces falling to the belt with the 
sides down will remain on it. This type of hopper is adaptable to a ver 
wide variety of parts which tangle, nest, or have wires attached. Wher 
the drum and belt are properly proportioned a rain of parts strike 
belt in such numbers that even though a small percentage are pr 
oriented the output is large. 


The drum is end-fed from a fixed trough, and is lined with ang 
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5. Turntable Hopper 


Any solid part which will easily orient itself into a round hole and which 
not too thin may be handled by this design. The square hopper has a 
er boot around its outlet, which ends just above the turntable. Radial 
s of holes in the turntable pick up pieces as they pass under the boot, 
nd a few others besides will lock into the edge of a hole and be pulled out 
the boot. These la:ter are removed by the stationary fence. After passing 
nder the fence, a filled line of holes passes to the discharge sector opposite 
hopper, where a dropping gate occupies a slot in the stationary plate 
inder the turntable. Obviously all the holes in a line may not be filled 
nd it would not be desirable to dump these. A line of microswitches, sup 
sorted slightly above the turntable, have rollers with "feel" for the piece. 
which must project slightly above the turntable surface. These switches are 
normally open circuit, and are wired in series. If all of an entire line of 
oles is filled, they will all close simultaneously, energizing the solenoid 
which pulls out the dropping gate. A belt is illustrated carrying off the 
scharge, but a tube or chute might be located under each hole at the dis 
harge station. Another electrical device can energize the solenoid only when 
discharge is desired in synchronization with another piece of equipment; the 
oles will remain filled until the dropping gate empties them 













FIG. 5 Switch 
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In this device, applicable only to round, 
flat objects, the tube is stationary. The fun- 
nel reciprocates, driving the tube end 
through the material heap; at each down- 
ward stroke one or more parts will be 
passed through the slot in the top of the 
tube. Lubricant on the OD of the tube will 
dirty and contaminate the pieces handled. 
If this is objectionable the bearing bush- 
ing must be dry, but lengthening it will 
extend its useful life. Parts which are too 
heavy will batter the end of the tube, and 
burrs will reduce the number fed into it. 
The clearance between the OD of the piece 
and the ID of the tube may be sufficient 
so the design can be applied to parts not 
too uniform in size. 
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6. Non-clogging 
Stationary Hopper 


granular 
materials can be equipped with electrical 
or mechanical vibrators to prevent clogging, 
but objects having a major d 
than twice their minor dimension will clog 
unless the discharge opening is made several 
times their length. One positive anti- 
clogging device is the belt illustrated. The 
cleats are staggered in arrangement, wide 
enough so that the entire length of the 
discharge opening is frequently cleared 
but too small and narrow to support a piece 
lifted out of the top of the material heap 
The hopper may drop parts to a belt 
or be tilted so that the discharge opening 
is parallel to a sloping chute. When almost 
empty this type of hopper increases its 
rate of discharge, but the flow is quite con- 
stant from full to about one quarter full 


Stationary hoppers handling 
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Feeding, Sorting and Counting Mechanisms (continued) 





t 

































hopper outer guard 





9. Power Screwdriver Hopper 
PI 








d / fh 

One of the oldest and most popular feeding and 30° i \ di ins 
sorting devices, this design has been adapted to a variety Ji 4 TAN SAT Discharge 
of symmetrically shaped parts. The wedge-shaped blocks MYR > — 
fastened to the ma ring are spaced so i to per- [I "B me / 
mit the part to fall between them when they pass under i An T u 
the supply stored inside the cover. The baffle plate SKETCH II uc NY Ca 
inside the rotating ring is stationary, being attached to , j NI Vw — in 
the fixed central shaft which also supports the discharge / g dU 
track. This baffle plate keeps the 50 caliber bullet cores 
illustrated from falling inwards until they are carried aAa 
up to the end of the track. The selector guard attached SKETCH lil ae pm. 









PIE c _— Selector 


e guard 
cé de. 






Two stream 
discharge 





















Bottom guard 


to the baffle plate allows bullet cores oriented point first to pas: 
into the track, but rejects those having their blunt end down 
For parts which are bulky and which must be fed at a high 
rate this hopper must be equipped with an auxiliary device to 
dump batches of parts inside the cover every few minutes, 
since the cover cannot hold a very large supply. This hopper 
is usually driven by a constant speed motor, a feed limiting 
device or escapement being used to regulate the discharge. 
Feeds as high as 300 parts per minute can be obtained, but 
light plastic or sheet metal objects must be discharged at a 
much lower rate. 
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». Bar-sided D H ). S 
8. Bar-sided Drum Hopper Stationary Hl). Sql 
d feed *r3ugh 
-—"- yn. / 
| | } — 7 NÑ / Lhe 
This design can | ised in the random discharge p= = - Nr ibber 
J j £ Cn we ave f Y 
sion (shown in sketch I) for parts which tangle, Jeo ry x "» ise ol 
] ] 4 ff * N S Station?" ^ , \ by 
since pieces not discharged are thrown back into the [ENN "cp guor^ 1 e on an 
1 1 I k s deret - an 
hcap at the bottom. Sketch II shows the arrangement Pp | \\\ or ted b- J” sters, pi 
[ É Y j UN id-ope'? $ 
f the bars; the outer guide ends at the discharge slide Sy / soleno’ ate : nall elect 
or belt, with the bar at the discharge point sloping at L Ne A \ = -— I be e handle 
the same angle as the slide = iy N z= y S d em even 
Sketch. HI shows how the design can be adapted to. €&— 9. F. i F enter Of 
1 1 — e " .FT by 
discharge more than one stream of materia! by dividing à scum eA SKETCH I ion by m 
the openings with separators, but parts which tangle j uM However, 
vould clog the openings. Cylindrical objects can be Outer pev his ho 
1 ] , lower half o rum is 
lischarged at a timed rate or synchronized with other à; à ch piec 
mechanisms according to the operation of the gate A s Zx- Solenoid with the 
soleno £ f Cy b | operates inder th 
Looking at sketch IT upside down, the bottom pair of u^ S NK | — — when ot! 
irs at the centerline will be seen to form a funnel " s T | | opper | 
! 1 . A Ae , 
shape between surfaces A and B, which facilitates the Tc ying wit 
parts dropping onto surface C, on which they ride in Sp a tween tw 
the lower half of the drum. An inner guide may be > upper le! 
à n! th np > - £ 1 "11 i 
fitted into the upper half of the drum, in which case Parts passing | JAN guard ke 
the spaces between the bars will remain filled until discharge oom? NNNSN NINS, inner gu. 
I } - j g $ i 
each slot passes discharge point and finds the gate open fall back into SJ YW Gate acts as the chut 
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ing ga 
panied 











ibber parts are difficult to sort 
use of their high coefficient of 
on and resilience. These rubber 
rs, pressed into the bottom of 

| electrical appliances, could not 

e handled in any device dropping 
even a short distance, and their 
enter of gravity is such that orienta 
yn by movement would be difficult. 
However, lying in the outer cover 
his hopper, they are tumbled until 

| piece. happens to orient itself 
with the shank down. A slot passes 
ler them, and they drop into it 
when other pieces permit. As the 
opper turns clockwise, the caster 
ing with its shank in the slot be- 
tween two wedges is carried into the 
upper left quadrant, where the inner 
guard keeps it from falling out. The 
inner guard ends at top center, where 
the chute picks up whatever pieces 
are in each slot and removes them. 
The weight of the piece is taken at 











ll. Piston Hopper 





Materials too fragile to be tumbled 
or agitated can be fed from this de- 
sign. The chute angle should be ap- 
proximately equal to the angle of re- 
pose of the material. The drive pinion 
may be driven by a variable speed 
motor and gear train, or the screw 
feed replaced by a hydraulic cylinder. 
A surprisingly constant flow of mate- 
rial can be maintained, but additional 
regulation by adjustment of the pivot- 
ing gate is difficult unless accom- 
panied by control of the piston feed. 
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0. Squirrel Cage Feeding and Sorting Hopper 





M. Vibratory Bowl Feeder 
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AAA AHA 1 
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x i p / ^w 
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SAS uc. i /7 Py — 
T NN | 1 —À. Drive shaft 
T wt E — =<, 
T f mi 1 T * m aan 
au tS \ «e S 
M tup Front face 
of wedge 
ail. 
Bl 
Bottom : i 
rail! ————AÁ—— x j 
+ in Oy we 
A~ FIG. 10 View A-A 
point contact with the bottom rail, the tional resistance to movement, and is 
top rails being stabilizers. This type easy to fabricate. It will handle cubes, 
of chute is best for rubber and other long cylinders and other shapes, and 
high-friction materials because it is is especially good for material that 
open for clearing jams, has little fric- have a high coefficient of ion 


In this design a bowl is placed above a vibrator and shaken at 60 cycles by an 


AC solenoid. The center of the dish remains relatively motionless, sit 


xe the 


direction of vibration is normal to a radius. Vibration sets up forces which drive 


parts to the periphery of the bowl, where a spiral track guides them uf 
rim of the bowl. The base containing the vibrator is a standard unit, 


shape of the bowl and track are determined by the objects to be handled 
of teed is controlled by a rheostat which varies the amplitude of vibration; it 


normally necessary to vary the frequency. Multiple streams of parts can 
charged by making the helical track of multiple pitch like a screw thread 


fences, air blows, or variations in the shape of the track at one point can d 


pieces which are improperiy oriented. With proper design and regula 


discharge can be blocked awaiting the needs of the associated equipment, 


vibrator can be turned on and off by counting devices. 
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Invention and Engineering Facts 


Abstracted from the. James Clayton. Lec 
ture, “Invention and Sifting Out Engi- 
neering Facts” by E. G. Bailey, past presi- 
dent, of ASME, delivered in London 
April 22, 1949. Proc. The Institution of 
Mechanical Engineers, Vol. 160, pp 196- 
207. 

HIGH spots of the paper are: Relation 
between research and invention, with 
a plea that research be conducted along 
lines that will result in more valuable 
inventions; incentives to invention: 
steps in the practical application of 
inventions; trends in the invention of 
products and processes, communica 


tions, transportation, and power and 
heat. 


Under the heading “Specific Pro- 
cedure for Invention’, Mr. Bailey 
States: 

(a) Study the previous work and 
present practice on the subject suffi 
ciently to acquire aid, but not so much 
as to become discouraged or distracted 
from the right answer, which may not 
yet be in the literature. Too much 
work in the library may be a waste of 
time, and probably more than too little 
time spent. 

(b) Work with one's own hands 
within the field of activity involved. 






Foreign Abstract from "The Corrosion of 
the Austenitic Stainless Steels", G. T. 
Colegate, Metallurgia (London), April 


1950. 

MANY MODIFICATIONS have been 
made to straight austenitic chromium- 
nickel steels with a view to improving 
their corrosion resistance. The best- 
known, of course, are the additions 
of titanium and columbium for pre- 
venting intergranular attack. Besides 
these, however, various additions have 
been made with a view to improving 
general corrosion resistance. Some of 
the more important of these are dis- 
cussed. In many cases, the addition 
serves more than one purpose, modify- 
ing, for example, the mechanical prop- 
erties of the alloys or improving re- 
sistance to high-temperatures. 


Molybdenum—Usually added in 
amounts varying from 2 to 4 percent, 


150 


This is of such importance that it can 
not be over emphasized. Acquire inti 
mate knowledge of the problem and 
the limitations of existing methods 
and equipment. 

(c) Give rein to intuitive, imagina- 
tive, and even "crazy" thinking. It 
may help to get out of a rut. 

(d) Think without ceasing at any 
and all hours of the day or night, for 
suggestions or ideas may flash into 
the mind at any time. Invention and 
a 40-hour work week are strangers. 

(e) Keep mental pictures and 
drawings in a formative status at all 
times; review and change them as 
the work progresses: Be on the look- 
out for entirely new ideas when one 
first awakens from sleep. 

(f) Perform the necessary experi- 
mental work to prove certain phenom- 
ena and relationships, since relatively 
few inventions can be completed with- 
Out 1t 

(g) Work out all possible permu- 
tations and combinations of the sev- 
eral factors or increments involved 
in the device or method. The best 
design is seldom made first. 

h) Search diligently for the link 


Effects of Additives on Corrosion Resistance of Stainless Steel 


it improves resistance to intergranular 
corrosion and also resistance to pitting. 
It is in the latter connection that 
molybdenum is probably most valu- 
able. It cannot be claimed that molyb- 
denum additions are completely effec- 
tive in suppressing pitting under all 
conditions, but the presence of the 
element has a very marked effect. For 
example, resistance to pitting is greatly 
enhanced in chloride solutions ; a ferric 
chloride solution pits straight 18:8 
chromium-nickel steel but the attack 
is far less pronounced if molybdenum 
is present. Molybdenum-bearing steels 
also show less tendency to pit in the 
— solutions used in the papet 
industry and in weak acid solutions. 
Resistance to various chemical solu- 
tions is also improved by the addition 
of a few percent of molybdenum to 
these alloys. Chief among these is 
sulphurous acid, though various weak 


which is often missing and most dif 
ficult to grasp. It may be an impor 
tant factor or a secondary increment 
detracting from perfecting the whole 
It may be necessary to keep a network 
of thoughts open for a long time 
while endeavoring to find the last link 
to complete the chain. 


REDUCTION TO PRACTICE. Ever 
worthwhile invention should be re 
duced to practice and thoroughly 
tested before it is placed into exten 
sive use, in order to: 

(a) Make sure that it performs 
as expected in the hands of critica 
operators and users, under a variety 
of conditions. 

(b) Obtain criticisms and sugges 
tions from others. 

(c) Sift out facts and make im 
provements, if needed, as soon as pos 
sible. The pride of authorship should 
not be permitted to stand in the way 
of evaluation of the invention on its 
true merits. 

(d) Avoid the inclination to make 
changes too frequently after the prod 
uct is put to use, even though they 
may be improvements 


organic acids such as acetic, oxalic 
and formic give appreciably less at 
tack on molybdenum-bearing steel: 
than on straight chromium-nickel ones 
The same also applies to hydrochlori 
and sulphuric acids. On the othe: 
hand, molybdenum additions tend t 
reduce the resistance of these steels te 
strongly oxidizing liquids. 


Silicon—This element reduces the rc 
sistance of austenitic stainless steels 
to attack by nitric acid but improves 
their resistance to hydrochloric, sul 
phuric and other acids. Besides this 
silicon has very little effect on the 
general corrosion properties of this 
type of steel, except, of course, on its 
resistance to high-temperature oxi 
dation. 


Copper—This is an element which has 
been used commercially as an addition 
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austenitic stainless steels for the 

rpose of improving corrosion re- 
tance, the amounts used varying be- 
een 2 and 6 percent. The presence 

copper improves resistance to chlo- 
les including dilute hydrochloric 
| and brine. It is also claimed that 

e higher amounts of copper improve 
sistance to scaling at high tem- 
eratures. 

Additions of copper to austenitic 
tainless steels increase their resistance, 
ider certain conditions of exposure, 
) corrosion by sulphuric acid. The 


presence of small percentages of cop 
per greatly reduces attack by this acid, 
the optimum effect being at about 
percent copper. It is not claimed that 
such copper additions are of benefit 
under all conditions of exposure; for 
example, there is no improvement in 
the behavior of these steels in contact 
with acetic acid or nitric acid 
Selenium and Sulphur—Sulphur has 
very little effect on the corrosion re- 
sistance when present in amounts up 
to about 0.40 percent, the amount of 
sulphur sometimes added to confer 


free-machining properties on thes 
steels. Selenium, on the 
hand, does reduce corrosion resistancc 
slightly when present in amounts o! 
the same order, though the 
is so small as to have little practica 
significance There is, however, 

certain amount of evidence that sele 
nium additions tend to increase the 
tendency of = se 
cially in soh 
chloride. The 
in sc 
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Electronic Switching in Machine Control 


Abstracted from “Engineering Trends in 


Spot Welder Controls” by Stuart C. 
Rockafellow, from "Electronics", a Mc- 
Graw-Hill Publication, p 70, July 1950. 
ELECTRONIC SEQUENCING becomes ad- 
vantageous when operating speed is 
stepped up. Relays have an inherent 
lelay which limits their speed in 
hanging from one circuit to another 
Tubes replacing relays can make a 
change instantly. Small thyratrons are 
generally used due to their high 
current-carrying capacity and rugged 
ness. In timing circuits these tubes are 
desirable because the current they con 
trol is either on or off. They act more 
like a complete switch than a vacuum 
tube. 

The Robotron timer, designed for 
sequence control of welding machine 
operations, is an ap plication of elec- 
tronic machine control. The schematic 
diagram, Fig. 1, shows the functioning 
of the control. 

The thyratron, 
ontrolled rectifier, will conduct only 
when its anode is positive. The tube 
can be rendered nonconductive if a 
negative charge is placed on the grid 
between positive pulses. 

When the circuit of Fig. 1 is at rest, 


being a grid 


-~—~-A-C LINE-- -—- 


Fig. 1—Simplified circuit diagram of a sequence timer used in resistance welding machines. 
which V, and V, are fully conducting and the grid-cathode path of V, 
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tubes V. and V. are conducting, charg 
ing weld time capacitor C» and hold 
time capacitor C;. The squeeze time 
capacitor C, is charged by grid-to- 
cathode conduction of V, through R 
Capacitor C, is being charged to a 
negative potential at its grid end by 
grid-cathode conduction of V 

When the initiating switch is closed, 
relay 1 is energized through V, and 
all of the contacts on it are closed 
One set of contacts is used to lock in 
around the initiating switch and the 
other set to bring the cathode of V, 
to the potential of the L, side of the 
a-c line. The cathode end of R, is now 
at L, potential and the charging source 
for C, is removed so it now discharges 
through variable resistor R, for squeeze 
time. 
When C, drains to low enough 
value, tube V. will conduct and pull 
in relay 2 which starts the weld time 
When V^ conducts, the positive pulses 
which have previously been used to 
charge C, are effectively shorted to the 
L, side of the line. This brings the 
anode side of C, to L, and V, is 
blocked by a negative potential. With 
V. rendered nonconductive, C. now 


TO WELDER 
t CONTACTOR 


RELAY 
NO. 2 


is conducting. 


1950 


"P 


drains resistor R, t 
enough value so that tube V, 
conducts, i time 

C, immediately 


potential at its 


through variable 
a low 
giving the wel 

When V, conducts, 
charges to a negative 
anode side. This places a negative 
potential on the shield grid 
which stops that tube from conduc 
releases relay 2, holds V, aseo luct 
ing and blocks V;. With V, blocked 
C. can now drain through variable 
sistor R, (hold time) to a low enoug! 
value until V, will fire. When | 
fires, the negative charge on C, ts fe 
back to the grid of V, blocking that 
tube and releasing relay 1. 

If the initiating switch is held 
as is done in repeat operation 
then as relay 1 opens at the end of th« 
cycle the anode supply to V, is broken 
rendering that tube nonconductive 
This in turn releases the negat ive bias 
on V. V, and V, and these tul 
mediately conduct, charging C, and 
As C, charges, it blocks V. which then 
allows C, to drain to a low enough 


value through variable resistor R, (oft 
time) 


C lo sed, 


ibes im 


until V, fires 
another sequence 


The 


At-rest condition is shown, 
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Cast Aluminums at 
Elevated Temperatures 


Abstracted from the article "Fatigue Prop- 
erties of Four Cast Aluminum Alloys at 
Elevated Temperatures’, by J. McKeown, 
D. D. Dineen, and L. H. Back in Metal- 
lurgia, May, 1950. 
AN INVESTIGATION HAS BEEN UNDER 
WAY to evaluate the mechanical proper 
ties of light alloys at elevated tempera 
tures by the British Nonferrous Metals 
Research Io date the re 
sults of this work give important data 
on four cast aluminum alloys. The 
compositions of these alloys are given 
in Table I. The effect of temperature 
on the endurance limit is shown in Fig 
I. The endurance limits in this graph 
were determined after 50 million cycles 
of loading 

Three alloys (D.T.D. 424, Y-alloy, 
and Lo-Ex) were found not to show 
any appreciable change in properties 
with temperatures up to 200 C. This 
condition was considered as a heat- 
treatment effect due to the elevated 
temperature testing conditions. To 
verify this, samples of D.T.D. 424 
(which were not previously heat- 
treated) were precipitation-hardened 
by soaking at test — for as 
long as 24 hours. As a result, in- 
crease in hardness was found on ihe 
samples up to 200 C and a decrease 
on those soaked at 300 C; this corre- 
sponded with the test data. 

Although the Y-alloy and Lo-Ex 
were heat-treated, (solution treatment 


Association 





Fig. 1 —Effect of temperature on endur- 
ance limit of cast aluminum alloys. 


at 510 C for 6 hours, cooled rapidly to 
room temperature, and aged at 175 C 
for 10-12 hours) the aging treatment 
did not completely stabilize these al- 
loys. Further precipitation must have 
occurred during the period of testing 
at 100 C, although this could not be 
verified met allographic ally. 

The tests were conducted on a ro- 
tating, cantilever beam using the 
B.N.F. Rotating Load Fatigue Testing 
Machine and specimen of 0.550 di- 
ameter and 6.8 in long. This machine 
was operated at 3,000 rpm 


Helium Leak Detector 


Abstracted from "Leak Detectors for In- 
dustrial Vacuum Systems", by Andrew 
Guthrie, page 96 of the September 1950 
issue of Electronics, a McGraw-Hill pub- 
lication. 

THIS SIX-PAGE ARTICLE, based on a 
forthcoming book, analyzes 8 methods 
of locating and measuring leaks in 
vacuum systems. Major emphasis is 
on the helium leak detector, which 
rapidly indicates by meter and audio 
tone the presence of helium ions in- 
side a leaky system when helium gas 





Table I—Composition and Tensile Properties of Cast Aluminum Alloys 





Specifications 


Material Alloying Elements in percent - 0 1% 
— Temp | Yield | Ultimate 
C Stress Strength 
Cu | Fe | Si | Ni Mn Ti Zn Tsi Tsi 
1. Cast 12% Silicon (0.06 0.30 12 3 0.030 01 100 34 9 2 
Aluminum Alloy 200 2.8 6.2 
R.S. 2L33 300 1.0 4.2 
2. Cast Aluminum 2.940.76 4.520.320.030 440.12 20 6.0 10.6 
Silicon-copper 100 4.9 10.1 
Alloy D.T.D. 424 200 5.5 9.5 
300 4.4 6.2 
3, Die- 2 Y-Alloy [4.440.29 0.15 2.111.630.02,0.040 04 20 22.8 
B.S to 24.4 
4. Dio-cnst 0.890.4610.622.590.770.010.020 06] 20 21.4 
Lo-Ex Alloy to 23.2 


P rope rties 
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is applied outside Repair techni 


are also covered. 


The locating and repairing of | 
in vacuum systems is probably the m 
troublesome aspect of high-vacu 
technique. The ideal leak-detect 
method should be capable of mea 
ing total leakage and isolating ir 
vidual leaks, should rapid in 
sponse, should not seal the leak n 
than momentarily. It should be hig! 
sensitive, should be capable of app! 
cation to any vacuum system with 
loss of vacuum if necessary, and sho 
make use of equipment that is rc 
tively simple and inexpensive to p: 
cure, maintain and operate. It is 
highly desirable that the instrument 
used be selective, so that it gives near! 
a zero reading for air and resid 
gases and responds only to a probe 
material. 

A large number of leak detection 
methods have been reported in 
literature or have come into use 
various laboratories without bein 
made generally available Some ot 
the most useful of these methods ar 
summarized in a table in this paper 
Several are limited in sensitivity 
primarily by the type of indicating d 
vice used. Most of the methods are 
not particularly suitable for obtaining 
an accurate determination of the size 
of a leak. However, in many cases 
this is not too important, the problem 
being to locate and repair the leaks 
rapidly as possible. 

Each of the eight methods listed has 
its place in vacuum technique, but the 
helium leak detector is the most gen- 
erally useful for locating vacuum leak 
rapidly. The article describes in detail 
the basic principles of operation of the 
helium leak detector with the aid 
cross-section drawings and circuit 
sketches. The instrument is for th 
most part electronic in nature. 

Using reasonable care in operation 
the helium leak detector should 
capable of detecting 1 part of helium 
in 200,000 parts of air. The sensi 
tivity is limited by base noise- level, 
which is due to noise inherent in any 
a-c amplifier, pickup of stray fr 
quencies near the signal frequency, ion 
background from elements other than 
helium, and a helium background of 
at least 1 part in 670,000 (normal 
atmospheric concentration) and often 
greater due to contamination and 
leaks. 

Also covered in the article is a dis 
cussion of the leak hunting technique 
recommended to the user of the d 
tector. The exact methods to be usc 
in applying helium — on the cir 
cumstances and the alertness and i 
genuity of the operator. In nd, 
compromise design is necessary. 


- 3 
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Defense Production Keynotes Met 


INCREASED PRODUCTION FOR NA 
TIONAL DEFENSE is the theme of this 
year's 32nd National Metal Congress 
and Exposition to be held in Chicago, 
October 23 to 27. All of the parti 
cipating societies in the Metal ‘Con 
gress will recognize the extreme im 
portance of high 

various technical 


production in their 
meeting and sem 
inars. These include the 
American Society for Metals, who 
sponsors the affair, the American 
Welding Society, the Metals Institute 
Div. of the American Institute of 
Mining and Metallurgical Engineers, 
and the Society for Non-Destructive 
Testing. addition to these meet 
ings, the show itself, which will be 
held in Chicago's International Amphi- 
theatre, will have for its theme the 
idea of material and equipment for 
high production. In this year's ex- 
hibit approximately 350 nationally 
known firms engaged in either the 
production of metals, the treatment of 
metals, their fabrication or in render- 
ing services to all of these will exhibi 
their products and equipment in the 
amphitheatre. Technical meetings 


societies 


will be held in the Palmer House, 
Sherman, Sheraton and Morrison 
hotels. 


Special events of the exposition will 
include the Business Forum of the 
American Society of Metals, at which 
top management executives of metals 
producers and of the five principal 
metals consuming industries will meet 
together to discuss present problems 
and future prospects of the me 
working industry. This is a "first" for 
the Metals Show 

At the Business Forum, the pro 
ducers of raw materials, both ferrous 
and non-ferrous, will report on the 


TECHNICAL 
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prospects for a continued high leve 
of output, on the needs and the op 
portunities for expanding present 
plant facilities and on the more critica! 
implications of domestic and foreign 
supply, should the present world ten 
sion grow worse. 

The automotive industry has its 
answer among the consumers of metals 
and a top rated man in this field. wil 
be there to tell about it. The railroad, 
igricultural equipment, chemical and 
electrical industries will report in a 
similar manner 


Sales Clinic 


Another first for the Metal Show 
will be the ASM Sales Clinic, con 
ducted in the interests of industrial 
exhibitors and those who need and 
can use the benefits of other experi 
ences in marketing and distribution of 
industrial products and equipment 
Mr. C. T. Burg, General Salesman- 
ager of the Iron Fireman Manufac- 
turing Co. will present a message fitted 
to the special requirements of indu 
trial sales at two meetings. The in 
dustrial trade show problems will be 
considered at the first session, Sunday 
evening, October 


^ 


22nd, at 8 pm 
Panel discussions will follow the p 
ciple address, with prominent pub- 
lishers and editors of trade media 
acting as the experts on the plattorm 
The second meeting, Tuesday morn- 
ing, October 24th at 9, will be d 
voted to the broader aspects of 
dustrial selling and marketing 





Industrial Motion Pictures 


The success of the “Economy Thea- 
tre" presentation during the 1949 
Metal Show in Cleveland called for a 
repeat performance at the Chicago 


ASM Metal 


i i 
„e 


al Show 


Show this Fall Exhibitors havin 
films depicting techniques and methods 
which contribute to high productivity 
in plant operations will again have 
available the. professional facilities. tor 
showing those films to an active and 
audience of technical, pro 
duction. and 
etalworking industry 


interested 
management men in the 


Technical Sessions 


Ihe four sponsoring Societies 


through their scheduled seminars, 
ture sessions and meetings on tc 
cal subjects pertaining to metals pro 
duction, treating and processing, w 
provide Show visitors with daily 
portunity to hear vital technical sub 
jects discussed and analyzed 
American Society for Metals 
American Welding Society wil 
morning, afternoon and evening 
sions throughout the week 
Metals Institute Division, Amer 
Institute of Mining and Meta 
Engineers will have daily and ung 
sessions Monday through Wednesda 
Ihe Society for Non-Destructive Test 
ing have scheduled morning and after- 
noon technical meetings on Tuesday, 
Wednesday and Thursday. The ASM 


t} 


Educational program will be cover 








1 
res on Monday, 
Tuesday and Wednesday, October 23, 

2 High Tem 


Dy three series ot iactu 


24 and 25. The subjects 

perature Properties of Metals", “In 
| 

terpretation of 


with Service", and 


Tests and Correlation 
‘Metallurgy of 
Titanium The American So 

Metals technical contributions wi 
Seminar on 
Movements, held on 


tety tor 

ll also 

Atom 
Saturday and 
Sunday prior to the Exposition open 
ing on Monday, October 23rd. The 
lographic Exhibit 


include Society s 


will also 
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e lispiay on the floor of th 
Amphitheatre 
lay Show 


during the entire five 


] 
For a com} lete roundup or new 


levelopments in the field of metals, 
he reader should refer to page 87, ot 


this issue, to the feature article “W hats 
Ahead In Metals 

Signal Corps Develops 
Lightweight Battery 

A NEW METEOROLOGICAL BAT ae 


leveloped by the Signal Corps Engi- 
neering L aboratories, Fort Monmouth. 
N. j., packs a great deal of power in 
a small space. The new magnesium 
cuprous chloride capable of 
powering meteorological equipment 
such as radiosonde to heights of 30 
miles into the stratosphere, culminates 
years of work to find a compact, light 
weight battery that could meet the 
lesired standards. 
Because it can be 


battery 


activated with 


ordinary tap water the new battery is 
nuch simpler to use than the lead-acid 
init. Activation was a definite prob 
em with the latter type. Several 
nethods were invented to inject acid 
ito the battery, but each proved messy, 


A MOBILE CARBON DIOXIDE GENERA- 
ror of the fuel oil type that ups 
production capacity from 156 to 300 
pounds per hour is currently under- 
going tests at the Engineer Research 
and Development Laboratories at Fort 
Belvoir, Va. Designed to operate 
efficiently in any climate, the plant is 
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often times dangerous. One includes 
the use of an ordinary hypodermic 
needle 
however, the new 
chloride battery 
will operate eiticiently in temperatures 
65 deg below zer 


Once activated 


magnesium- uprous 


Engineers are quick to point out 
that the new battery will not be satis- 
factory forever. As weather equip 
ment climbs higher into the strato- 
sphere for more data, on which to 
base better predictions, better batteries 
will be needed 


All-Magnesium Airplane 
Planned 


AN ALL-MAGNESIUM-ALLOY AIRPLANI 


is now in the planning stage by the 
Air Force, engineers in Air Material 
Command's Aircraft Laboratory report. 

The construction of such plane 
is considered practical because of the 
successful application of magnesium to 

tructural components, especially in 
tests on the wings of the Lockheed 
F 80 fighter. These wings, made en- 

irely of magnesium-zirconium alloy, 
cupi a thick, unreinforced skin as 
surface covering in place of the con- 


Army Tests New Mobile Carbon Dioxide Generator 


only 124 feet high, nine feet wide and 
35 feet long. Its gross weight of 43,- 
000 pounds is borne by 12.00 x 20 
pneumatic tires in dual arrangement. 
Commercial plants of the same capac- 
ity weigh due twice as much and 
occupy roughly twice as much space, 
ERDL engineers point out. 
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reinforced, thin 


entional stringer 
type of construction. 

The new type of wing has alre 
undergone extensive static tests 
has been test-flown on the F-80 
total of 120 hours without show 
any adverse structural characteristi 

Although its skin is more tl 
seven times as thick as that of the « 
ventional wing, the magnesium w 
is believed better because very 
internal reinforcements (stringers 
chordwise formers) are needed to 
vent buckling at high loads. 1 
leaves considerably more space 
larger fuel tanks. As a result, the 
proved wing and greater fuel load 
crease the range of the F-80 by 
proximately 30 percent, based on 
wing alone 

Only about 25 percent of the 
tailed parts and fastenings used in co: 
ventional wing construction are cor 
tained in the new magnesium win 
One example of its simple constr 
tion is the fuel door. This is now sim 
ply a heavy plate , completely free of 
internal reintorcements. The conve: 


tional fuel door was made of relativel 

thin skin reinforced by stiffeners 
Both magnesium alloy and alu 

minum alloy have been used in the 






generator has all the essential features 
of large scale CO, generating plants, 
despite sharp military limitations on 
weight and Rendon. The gas pro 


duced will be used by the army corps 
of engineers for fire fighting, thera 
peutics, food preservation and bever 
age carbonation. 
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ck-skin type of construction and 
th were found satisfactory. How- 
er, in case of emergency, aluminum 
uld probably be harder to procure 
in magnesium 


Portable Glass-Nylon 
"House" Passes Military 
[ests 


A PORTABLE TENT in which even the 
tent poles are made of glass-and-nylon 
fabric has just gone through a series 
of successful tests at the Air Material 
Command laboratories in Dayton, 
Ohio. 

_ The shelter was developed by the 

F. Goodrich Company for use as a 
feld photo laboratory. The structure 
is waterproof, fireproof and will not 
admit light. The tent covering, which 
comes in sections, is zipped together 
over supporting members which are 
actually air tubes made of the same 
material as the cover. These low 
pressure tubes can be inflated by an 
air pressure of three lb. The entire 
shelter can be erected by six men in 
about an hour and a half. A 40-mile 
an-hour wind won't turn it over. 

The fabric house measures 20 by 80 
feet and is 16 feet high. It weighs 
750 pounds and can be "knocked 
down" into a bundle 4 by 4 by 10 feet. 

Although its primary uses at present 
are as a. field photo lab or a briefing 
room, it can be adapted to a variety 
of other uses, the Air fno reports 


American Welding Society 
Plans Special Sessions 


IN VIEW OF THE PRESENT WORLD 
CRIsis, the American Welding Society 
is deviating from its long established 
technical sessions program by present 
ing two types of sessions at its 31st 
Annual Meeting at the Hotel Sherman, 
Chicago, during the week of October 
22nd. The first group of meetings 


; will include the usual technical ses- 
sions, and the new type of program 
will cover subjects of special interest 
at this time. 

The regular technical program will 
present about 70 papers in 16 sessions 
covering subjects of current interest. 

; Many of the sessions will be devoted 

n entirely to specific industries of mili- 

4 tary significance. Others will cover 


7 


the latest developments and research 
: in such processes as resistance welding, 
automatic welding, inert gas shielded 
ic welding and gas cutting. 

There will be a third group devote 






Propuct ENGINEERING — OCTOBER, 





et Fs FF Se VTR 


N I C A L 





Lightweight Turbosupercharger Eliminates Gearing 


A NEW TURBOSUPERCHARGER—the 
General Electric CH9—has been tested 
on the Pratt & Whitney R-4360-( 
engine. The new turbosupercharger 
utilizes a new power cycle that simpli- 
fies the engine, at the same time add- 
ing more power. It eliminates the 
conventional geared supercharger, or 
impeller, and permits operation with- 
out clutches, gearings, or fluid discs. 
There are no mechanical connections 
between engine and turbo. 

The GE CH9 turbo handles up to 
350 pounds of air per minute, com- 
pressing it to a pressure of 50 inches 
of mercury, absolute. With acces- 
sories, the unit weighs a total of 300 
pounds. Engineering results from th: 


to general fields such 


as weldability, 
surfacing, 


flame hardening, arcs and 
electrodes, controls, research, educa- 
tion, maintenance and  non-ferrous 
welding 

In addition to these outstanding 
papers selected by the Program Com- 
mittee from those volunteered by weld- 
ing engineers, the American Welding 
Society will present three symposiums 
on subjects of established importance 
to industry with speakers selected by 
the Society. One showing the econom- 
ics resulting from good welding design 


1950 


actual test stand installation of the 
combined powerplant show 32 percent 
more power in takeoff and 20 percent 
lower fuel consumption. 

The geared supercharger was el 
inated through the development of 
direct cylinder fuel injection 
on the R-4360 engine. As 
the new turbo can provide full engine 
manifold pressure An aftercooler 
makes a net reduction in cylinder 
take temperature of more than 65 per 
cent, substantially increasing [ 
and safety margins. Better perform. 
ance is further assured by the increase 
use of exhaust energy and simplicity 
of operation 


been reduced 


systen 


a result 


power! 


Strategic materials have 


and how it can be 
held Tuesday atte 
On Tuesday 
sium will be 


attained, will be 
rnoon, October 
evening | 

presented on Ap plied 
Welding Engineering, which will dem 
onstrate the 


weldin 


nather 
anotner 


proper appli ation of 
g processes Ih third special 
session will be a panel discussion « | 
Monday afternoon, October 23, spor | 
sored by the Resistance Welding Com | 
mittee, to determine the needs of in | 
dustry in this field of activity | 
The first special session, Design For | 


Production Economics. was selected | 






USAF Air Material Command 


USAF Gees Automatic Parachute 


A BOON FOR HIGH AND FAST FLYING 
USAF AIRMEN is this new automatic 
opening parachute. At right, Capt. C. 
G. Whitney, Air Materiel Command 
test pilot sets two tiny dials—a timer 
and an aneroid element—prior to 
takeoff. If he should later be forced 


for two reasons: (1) The belief that 
welding and its allied processes offer 
significant opportunities for economics 
in productions, and (2) that the de- 
signer of products is the key man to 
effect these economies. 

At a special luncheon preceding the 
technical session the subject will be 
introduced by Convention Chairman 
H. R. Morrison. The principal speaker 
at the luncheon will be G. F. Norden- 
holt, Editor, PRODUCT ENGINEERING. 

Following the luncheon three papers 
will be presented. The first will point 
out to the :mployer the qualifications 
he should seek in a welding designer, 
and to the designer the qualifications 
he shouid acquire. This paper will be 
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to bail out, 


he must only pull the 
handle pointed out at left and the 
pre-set mechanisms will open the chute 
when he has cleared the plane and 


fallen to a safe altitude. Use of the 
new release does not interfere with 
operation of the standard ripcord. 


presented by T. J. 
sulting Engineer. 

To show how a manufacturer has 
utilized good welding design to ac- 
complish significant cost reduction and 
in improvement, Kenneth Jack- 
son, Caterpillar Tractor Company, will 
discuss “Economies Accomplished by 
Redesign for Welding.” 

The last speaker, R. H. Bennewitz, 
The Linde Air Products Co., will il- 
lustrate, by a series of case histories, 
the principles the designer must kee 
in mind. The examples will be of the 
"before and after type" and will 
represent a variety of products, metal 
thicknesses, materials, and welding 
processes. 


Crawford, Con- 
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The FCC and Color TV 
THE FEDERAL COMMUNICATION ( 
MISSION’S half-way decision on 
television, left the door open fo: 

gners to improve on techniques 
mn alrcady demonstrated 
the commission, including the ¢ 
umbia Broadcasting System favorc 
the commission 

The proposed "bracket standa 
for monochrome television sets pr 
the first. design-engineering 
to manufacturers. Sets must be 
structed capable of operating wit 
these brackets, that is, equipped 
receivers to handle the scanning 
both present system black and w! 
pictures and the CBS system in bl 
and white. This means a televisi 
composite video signal of substant 
the type and proportion now employe 
in monochrome but with the nur 
of lines variable from 15,000 to 
000 per second and the fields ran 
from 50 to 150 per second 

New receivers would have a 
ual and automatic switch to 
selection instantaneously between 
two sets of standards falling wit 
the range mentioned—one being 
present monochrome standards and 
other the proposed CBS standar 
The receiver would have to be 
structed so that it would produce į 
tures of equivalent size, geometrica 
linearity and brightness in each p 
tion of the switch. 

Representative manufacturers 
lieve that sets can be built to me 
these specifications but whether it is 
possible to go into production as soo: 
as the commission indicates is anot? 
question since it would allow pra 
tically no time for field testing. At leas: 
30 days after the Commission's order 
setting up standards, manufacturers a: 
expected to start making the sets. 

In return for manufacturers coopera- 
tion, the FCC agreed to make no im- 
mediate decision on color but only 
to peo that color standards be 
adopted on the basis of the CBS sys 
tem. Thus, proponents of new co 
patible systems or those who can show 
significant improvement on comp 
ible systems since the record was close 


last May have an opportunity to dem- 


onstrate them to the commission within 
a specified time. 

CBS also is given the opportuni 
to demonstrate a tri-color tube or ot! 
means it may have developed 
achieving large size, direct view p 


tures. Any improvements in horizontal 


interlace (for improving horizontal 
tail in the picture) might be shown 
to the commission. 

The FCC made it plain that in 
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blishing final standards a system must 
e chosen that produces a satisfactory 
olor picture, is capable of operating 
through apparatus that is simple to 
operate in the home, and is cheap 
enough in price so as to be econom- 
ically available to the American pur- 
hasing public. It definitely does not 
favor a system where only black and 
white receivers are cheap enough for 
the masses, and color is available only 
to those who can pay luxury prices. 
Compatibility in itself is regarded 
by the commission as too high a price 
to put on color although it is conceded 
that if a satisfactory compatible sys- 
tem were available, it would certainly 
be desirable. No satisfactory compat- 
ible system was demonstrated to the 
commissioners, it was stated. Refer- 
ence is to the CTI and RCA systems. 
The commission acknowledges that 
a number of significant improvements 
and even new systems should be ex- 
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amined but in the face of this it an- 
nounced that it would close the door 
to all of them if manufacturers did 
not go along on "bracket standards". 
The alternative would be a final de- 
cision in favor of the CBS system and 
complete industry confusion. 


Navy Needs Civilian 
Engineers 


THE U. S. NAVAL ORDNANCE PLANT, 
at Indianapolis 6, Indiana has an 
nounced that several Federal Civil 
Service positions are open at that 
station. The vacancies are for mech- 
anical, electrical, electronics and ord- 
nance engineers, and the salary ranges 
are from $3,825 to $7,400 per year. 
Full details can be obtained from Com 
mander M. K. Coleman, USNR, In- 
dustrial Relations Officer of this 
station, 





Self-Centering Roll Is Newest Conveyor Component 


AN INGENIOUS NEW SELF-CENTERING 
ROLL promises to affect conveying 
methods for an almost unlimited list 
of materials. The principle of "planar 
action" was built into working models 
by E. T. Lorig, chief of the senior 
engineering staff of Carnegie-Illinois 
Steel Corp., and is now being used in 
various steel handling applications in 
Corporation operations. 
Fundamentally the Lorig self-cen- 
tering roll is a slightly crowned roll 
cut transversely at the center. The 
two halves are fixed to rotate as a unit. 
The working surfaces of the two parts 
are approximately horizontal, while 
the axes are at an angle. In this way, 
the planes, or lines of force in both 


halves twist evenly toward the center 
in the direction of movement, confer 
ring a self-centering action on any 
materials passing over the rolls. Side- 
guides are consequently unnecessary to 
keep materials on the conveyor. A 
crown deviation of as little as 1/1000 
of an inch from the horizontal is suf 
ficient in a split roll to create the 
planar action which is the major force 
of the self-centering roll. The rolls 
have been tested for such a diversity 
of applications as runout tables, feed 
and guide rolls for electrolytic tin- 
ning, galvanizing and pickling lines, 
gravity conveyors, belt pulleys and con- 
veyors and similar applications in the 
steel industry. 
















LINE OF FORCE “toe in” to the center of the Lorig roll, as shown by this Lucite 
model. When cut transversely, the working surface of the roll becomes approximate] 
horizontal, and the planar action exerts a centering action on any material passing over 
the roll. This principle has been put to work by E. T. Lorig, chief of senior engineering 
staff, Carnegie-Illinois Steel Corp., a U.S. Steel subsidiary. 
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CARNEGIE INSTITUTE OF TECHNOL 
OGY will inaugurate its fourth pres- 
ident, Dr. J. C. Warner, and will 
celebrate its fiftieth anniversary on 
October 27 and 28 


THE EAGER BEAVER, Reo’s newest 
Army Ordnance vehicle, is a 2} ton 
truck designed to carry a 10,000 Ib 
payload on a highway at 60 mph, o: 
take that load up a 60 percent grade. It 
will cruise 340 miles at 35 mph 


THE THIRD  BIENNIAI 

HANDLING CONFERENCI 
by Westinghouse Electric Corp., will 
be held on October 24 and 25 


Buffalo, N. Y 


MATERIALS 


sponsored 


1 


New Air Force training planes made 
by Beech Aircraft Corp., have gross wt 


of 2,600 Ib, and a top speed of 188 
mph. The new YT-34 will serve 
all phases of training, including 


mary, basic, and advanced 
ES 


THE ASTM is inviting criticisms and 
comments on its new Recommended 
Practice for Radiographic Testing. In- 
terested persons should write to ASTM 
at 1916 Race St., Philadelphia 3, Pa 
for a copy of the proposed Recom- 


mended Practice. Cost: 50 cents 





RECENT LEGISLATION sets 
ing house for the dissemina ition of 
technological, scientific, and engineer 
ing information to American business 
and industry. The new law "legalizes 
the function of the OTS, which has 
been operating under Presidential Ex 





[ 


ecutive orders since 1946 





NEWEST MILITARY TRANSPORT PLANI 
has detachable fuselage, can be used 





HIGH-STRENGTH PLANE SEATS facin 
the rear are being installed in Military 
Air Transport Service planes. The alu- 
minum sheet seats are lighter, stronger, 
and safer, since humans riding back- 
wards can withstand greater shock 
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SILICONE NEWS 


Dow Corning. Scone 
lasuliTion Saves Over” Z000 
2 Year on F Motors/ 





In the Saginaw Plant of Eaton 
Manufacturing Co., the output 
of four of these machines is 
stepped-up by stopping the 5 
h. p., 3600 r.p.m. motors with 
a jolt of direct current as soon 
as 5 operations are performed 
on a small automotive part. 
With 105 starts and stops per 
hour, Class A insulated motors 
had an average life of only 8 
days—32 failures for each of 
the 4 motors or a potential 
$10,000 a year in rewind costs 









AT EXTREME TEMPERATURES, 
Silastic has greater resistance to 
compression set—or to permanent 
deformation due to heat and pres- 
sure—than any other rubberlike 
material. Its elastic memory ex- 
ceeds that of both the best low 
temperature and the best high 
temperature organic rubbers avail- deua. 

able. Silastic 7-170 forms a more a Rewound with Dow Corning 
resilient seal at — 50°F. than a OO EVE a Silicone (Class H) Insulation, 
special low temperature organic . I às these motors now have a min- 

" » In aircraft cabin heating and pressurizing . ° i 

rubber does at —7°F. At 450°F., systems, Silastic gaskets stay elastic under imum life of 6 months; f 
Silastic has more resistance to per- operating temperatures ranging from -70° to Eaton a potential $8,000 " 
year plus a few hundred man 


manent compression set than the  400°F. Similarly, Silastic gaskets and O-rings h f lab d 
most heat-stable organic rubbers withstand hot oils in the range of 450 F. in ours 9 enor an some 

ae i dad 40,000 parts that would have 
have at 330°F automotive, aircraft and diesel-electric engines. 


been lost due to down time. 


COMBINE that kind of elastic memory with excellent resistance to aging, to DOWN TIME AND LOST 


oxidation and to attack by a variety of chemicals and hot oils, and you have 


Silastic—the most stable of all resilient gasketing materials. That's why design PRODUCTION DUE TO 


engineers and maintenance men specify Silastic, the Dow Corning Silicone rubber 


i a for itself many times over in reduced maintenance costs and improved MOTOR FAILURE ARE 
pe NO LONGER NECESSARY 


Prove it in your own plant by 
having your hardest working 
motors rewound with Dow 
Corning Silicone Insulation. 
Call our nearest branch office 
STAYS ELASTIC for technical assistance or 
write to Dept. R-22A. 


DOW CORNING CORPORATION 
| DOW CORNING CORPORATION, Dept. R-22, MIDLAND, MICHIGAN 
| Please send me Silastic Facts No. 10 f) x Jl 
Nome ——___ aeaaaee 0v ^ 4 


| See À————MÁÀ PELA 


| Address ^ 


 ————————m'À . . 
jew m — FIRST JN StLICONES Dow Scones 
——— ———— m" x Y pa 


ATLANTA e CHICAGO e CLEVELAND * DALLAS * LOS ANGELES * NEW YORK 
in CANADA: Fiberglas Canada Ltd., Toronto * in ENGLAND: Albright and Wilson Ltd., London 













SEND TODAY! 


For your copy of Silastic Facts 
No. 10 containing new 


( data on the properties, 





8, ,dihedral angle between sides, in deg 


performances and ap- 
plications for all 
Silastic stocks. 





*T. M. REG. U. S. PAT, OFF. 
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Dih | 
edral Angle Chart 
M. WALD 
Robins Engineers Div., Hewitt-Robins Inc 

IN DESIGN, the determination of the true angle between — EXAMPLES: Case I, right angle corner with both sides sloj 
intersecting planes is often necessary. This is particularly ing inward at z 50° and B = 40°: | I 
true in designing chutes, bins, hoppers and sheetmetal upward and to the right, 6 119 
work where parts must match after bending. Chart facili- 
tates determination of this dihedral angle. In PRODUCT Case ll, a right angle corner with onc 
ENGINEERING, January 1950, a nomogram was given to ward (8 70°) while the other slopes outw 
find the dihedral angle between the sides of a truncated 120°). By projecting line Il downwa et 
right-regular pyramid. scale, 8 80 30^ 

This chart has been arranged to include four types of | | 
corners. Although Case I is most common, the other Case III; with this corner, x 10° and B 10 | 
types are occasionally encountered. Note the double scales; — one side is vertical) ; line III dete || 
this arrangement permits the use of angles (x and 6) up | 
to 180 deg. When a, is less than 90 deg., the 6, scale Case IV, joining at an acute an X 
shouid be used, with larger angles, z, and 6. scales apply. 125° and 8 í0?, the dihedral ang 5 l. ( Í | 
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wire design has made possible smalle 
e in turn preve 


A new and better form of heat 
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abrasion characteristics 

city’s safety is made more certain because a solenoid 

records in performance. As simple 9 thing 95 better shielding in 9 wiring 
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Helical Gear Design Chart 


shaft angle 





M 
WN 









WAYNE A. RING 


Barber-Colman Company 


IN PRELIMINARY LAYOUT WORK of gear 
drives, it is important to find whether 
the diametral pitch, gear ratio, and 
center distance, are possible. With this 
settled, the designer can procced to 
calculate the specific helix angle. 

This chart serves both purposes. For, 
if the Factor 2CP,/N does not inter- 
sect the proper ratio curve R, this 
combination is not satisfactory. Also, 
in choosing the helix angle, a large 
amount of trial and error work is 
eliminated by this graph which gives 
a good approximation. In addition to 
helical gears, worm gear designs can 
be simplified with this chart. For hel- 
ical gears with parallel shafts, a nomo- 
graph was published in PRopvcT ENci- 
NEERING, p 159, Nov. 1949. 


N 
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Qc, Helix angle of large geor (or worm wheel) deg 


REFERENCE 


v: Minimum values {~ 
of R lie on this 








BOOK SHEET 









This graph is based on the equation 


2CcP, AR 1 
\ sina cosa 
where: C center distance, in. 


P, = normal diametral pitch 

N = number of teeth in gear or 
worm wheel 

n = number of teeth in pinion 

or threads in worm 

= ratio, n/ N 

a = helix angle of gear or worm 
wheel, deg. 


EXAMPLE: Helical gears are to be de- 
signed for shafts 4 in. apart and at 
right angles. The details are: P, — 20; 
N = 64:n 32; thus R = 0.50 and 
Factor, 2CP,/N — 2.5. From the chart, 
two angles can be chosen. 20?-30' or 
$8?-30'. The chosen angle, a, is sub- 
stituted in the equation; it is altered 
to satisfy the equation. In this case, 
the exact angle is calculated to be 
either 20°-25’ or 58°-30’. 

For greater efhciency and less wear, 
the gear and pinion helix angles should 
be nearly equal. Thus the gear angle 
chosen would be 58?.30' and the 
pinion angle would become 31°-30’ 





Ei bd | kodene aaa 
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Do you have this ates ae 


If a stainless steel fabricating job has you '"'on the ropes," 
you can get the answers to your questions from Armco's 
new instruction manuals. 

This complete library of stainless steel fabricating man- 
vals is the newest and most up-to-date ''how to do it'' series 
of booklets available in the industry. 

Whether you draw, form, machine or finish stainless 
steels, you'll find detailed information on each job. From 
cover to cover these booklets are full of helpful facts about 
all the modern methods. 

Put these Armco booklets to work for you now. Just check 
the ones you want, and attach the coupon to your company 
letterhead. They're free to fabricators of stainless steels. 


50: 


OL IPIS NEUE 
SPECIAL 


"NL 
ni 
nu $uimtss HI 


Surface Fimshing 
REN 
ARMCO Staimless Steels 


n Stainless Steels? 


SEND ME THESE BOOKLETS 


C “Drawing, Forming and Spinning” [C] Surface Finishing C] Weld 


ing and Soldering [ | Machining of Armco Stainless Steels [] He 


Treating and Pickling [ ] Stainless Fabricating Tips (A handy co: 
densed manual for sheet metal shops) 


NAME... 
COMPANY 
STREET ADDRESS 


CITY STATE 


ARMCO STEEL CORPORATION pRMCO 


PURPON 6010 CURTIS STREET, MIDDLETOWN, OHIO * PLANTS AND SALES OFFICES FROM 
STEELS COAST TO COAST * THE ARMCO INTERNATIONAL CORPORATION, WORLD-WIDE 
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Alternative Designations for Stainless Casting Materials 


of Equivalent Chemical Compositions 
N. S. MOTT 


Chief Chemist & Metallurgist, The Cooper Alloy Foundry € 


60410 


120 t 0420 
114 51414 
11 51416 


430 51430 


442 604142 


4404  51440A 
440B 51440B 
4406 51440C 
141 


442 60442 |: 49T Grade CB 
443 é 39 Class B 


446 6014€ 296-49T Grade ( 
70446 49T Grade 


39 Class ( 


60446 i 49 
70446 i 191 


70327 
60304 


60347 
60316 


30302 


25 

25 M | 
25 Mo-Cu 
25 Mo-Cu 
29 Mo-Cu 


n 


n 


— 
gu 


0) 
NN 


60309 


PARAM 


—- 


70309 


60310 


70310 


70310A 


70330 


70331 
70334 


70335 


Wrought alloy designati 
mmon practice 1 »e wrought designatior 51,000 and 30,000 sen 
for castings I is t mmer nd tions 
should be used 
lacking 
Cast alloy designat 
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DESIGN 









DETAILS 





AND 


A Luftwaffe airplane cannon, captured in 1942, yielded 
the secret of the expanding pin. It is essentially a metal 
cylinder with a longitudinal slot. The cylinder is cham- 
fered at both ends and can be driven into a hole smaller 
than its own original outside diameter. To fit the hole, the 
cylinder is compressed, taking up the slot distance in its 
circumference. Shear strength is claimed to exceed that 
of a cold-rolled pin of equal diameter. 

The pin is sell locking within normal production hole 
tolerances. The hole does not have to be brought to 
exact size by reaming and burnishing. The pin does not 
extend beyond its hole and no extra external locking 
devices are necessary. 

The expanding pin is a self-positioning shaft, when 
used in gear trains. Its grip in the gears makes it possible 
to adjust each gear to its specific location. There are, 
of course, limitations to the torque that can be carried. 
The allowable torque increases in direct proportion to the 
pin diameter and the length of the hub. 

Standard pins are SAE 1095 or stainless steel. Plated 
or beryllium copper pins can be made. Standard diameters 
fit 13 hole sizes from 5/64 to 3 inch. Other sizes and alloys 
can be supplied on production orders 
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DATA 


NEW COMPONENT&S- 


Expanding Tube Grips Sides of Undersize Hole 


Used as instrument sbaft, dowel pin, cotter pin and pivot pin. 





ON 


ES 





CHAMFERED ENDS allow the pin to be driven and com- 
pressed into a hole that is smaller than the outside diameter of 
the pin. Rapid insertion is possible with hand tools or automati: 
jigs. As shown above, the pin can be taken out as quickly and 
simply as it is put in. There are no set screws to be taken out or 
taper keys to catch and pull out. Pins can be reused. 
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MATERIALS AND PAR IS 


SPECIFIED B Y PRODUCT ENGINEERS 


AUTOMOBILE WINDOW CATCH is held on GEAR TRAIN ASSEMBLY SHAFTS are another application. The small parts 
its shaft by the expansion pin. The usual catch are secured in place in one operation by a jig assembly. Splines, set screws, and 

is pinned by a tapered or grooved pin. These key ways are not needed. On plastic gears especially these extra fasteners have 
tend to wear loose with hard use. proved troublesome and expensive. The expanding pin cuts production costs. 


EXPANSION PIN holds actuating finger in PUMP ASSEMBLY is an example of applications as positioning dowels. A pin 
machine assembly. A hardened, ground tapered can be re-used, retaining adequate tension under load. As the dowel holes wear, 
pin was replaced here. Easier assembly is pro- the pin expands to keep a tight fit, without additional reaming and a new pin. 
vided, since the parts do not have to be line- Since hub shoulders for set screws are not needed, space is saved in pump hous- 
reamed with a taper reamer. The new pin ings. There are no keyways to —— in pump impellers or shafts. 


withstands 2,400 stress reversals per hour. Elastic Stop Nut Corp., 2330 Vauxhall Ra., Union, N. J 


Circle No. 1 on Reader Service Card 
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MPONENTS M A” ALS AND PARTS : : continue 


Bearing Temperatures Are Read Remotely 


indication of bear- 


ey pt an alarm or machine 
over-heating Corrective factors 
matically 
with thermocouple, is used for each 
to be monitored. Any number of 
The meters are calibrated in 
f Centigrade and Farenheit. 
Contact lost temperature rise, or, on closed circuit 
ontrols, contacts op temperature rise The meter 
| relays directly with contacts 
7 amp, 230 v. . The relay 
close down a machine or automatically 
orrection to overcome the cause of over-heating. 
he control unit consists of a metal cabinet with hinged 
front panel on which all components are mounted. These 
onsist of a transformer, rectifier power supply for the 
relays, the load relay and other equipment. The control 
may be mounted at a distance from the machine. No 
mechanical linkage is used; all connections are electrical. 
Ihe cabinet has knockouts for conduit on four sides, and 
irface and flush panel mounting units are available. 
Both open and closed circuit types are made. In the 
| cir control, low limit contact meters are used. 
Du nen rmal operation the meter contacts remain closed. 
A rise in temperature opens the contacts, allowing the 
load relay to drop out. In the open circuit control, high 
mit meters are used. These are normally open. A rise 
n temperature closes the contacts and the load relays pull in. 
This may apply corrective measures i 
The unit illustrated has five control meters. The sixth Several furnaces or ovens may be controlled, even though 
meter indicates running time in hours. These multiple different — are required in each. Other appli. 
meter controls may be used to measure and control tem- cations include diesel exhaust temperatures, chemical proc 
perature at several points simultaneously. The relays esses, plastic and rubber molding machines. 
may control individual heating or cooling elements, or 
they may be used together to operate a common alarm. Assembly Products, Inc., Chagrin Falls, Obie 


Circle No. 2 on Reader Service Card 


Oo 


Stainless Beading Snaps On Exposed Edge 


A bright, stainless, snap-on beading has been developed 
for dressing-up raw edges on plastics, woods, leather, metal 
and other materials. 

Installation is claimed to be extremely easy. A hand tool 
is used for applying small toothed clips at intervals along 
the edge. The moulding snaps over, completely concealing 
the clips 

This trim is being made available in 3 in. diameter for 
cdges 0.100 in. thick, with other sizes to follow. The edge 
can be applied to products of any size, shape or mate- 
rial and will add to the styling and strength without run- 
ning the cost up excessively, according to the manufacturer. 
The new edge can be formed in any shape. 

Extensive research has been conducted with the new edg- 
ing material with regard to the best methods of attachment. 


Detroit 24, Mich 


Circle No. 3 on Reader Service Card 
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. » « RECESSED HEADS AS WELL AS SLOTTED 


It is generally conceded that recessed head screws have outmoded the 
use of slotted head screws on modern assembly lines. For that reason, 
CLUTCH HEAD user quotations . . . recording production increases rang- 


ing from 15% to 50% ... are based on comparison with other types of 
recessed head screws. 


Only Clutch Head provides Center-Pivot entry for safe automatic straight c 
Only Clutch Head has non-tapered driving to eliminate the skid hazard of “ride E 
Only Clutch Head offers this all-square driving contact as a safety factor. 

Only Clutch Head eliminates the fatigue of end pressure for easier, faster driving 
Only Clutch Head has the Lock-On which permits one-handed driving from any ang 


Only Clutch Head delivers Bit durability that drives up to 214,000 screws, non-st 


ti CLUTCH HEAD Yncctes Comparison gai 
1 Weth MLL Other Screws... 


Only Clutch Head has a recess basically designed for common screwdriver operation 


l 


UNITED SCREW AND BOLT CORPORATION 


CLEVELAND 2 ED HEU 8 NEW YORK 7 


America's Most Modern . at your own ur 
Screw invites you to make request will b $ vou, b 
your own comparison... to rail, package t 
evaluate these exclusive " 
CLUTCH HEAD features...right e. 
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Relief Valve Adjusts To Wide Range of Pressures 


A cartridge type hydraulic relief valve meets or exceeds 
Government standards as set up by Specification AN-V-Ib 
for Army and Navy aeronautical use. Available for pres- 
sure settings ranging from 100 to 5,000 psi, the valve 
opens and closes within a 7 percent differential. Even 
smaller operating differentials can be had for special appli- 
cations. Constant repeat accuracy is claimed with the "in 
balance" design. This balance is not disturbed by load 
shocks or surges. 

Valve is silent and free from squeal and chatter. The de- 
sign eliminates wire drawing and provides high volume 
flow at all pressures. It has been tested through temperature 
variations ranging from —65 F to +160 F with no more 
than a 5 percent change in operating characteristics. 

The entire operating mechanism is contained in a car- 
tridge which may be replaced without breaking the line. 
Pressure adjustments are made by an accessible screw. Hous- 
ings are ported for 3, 4 and 3 in. pipe. Applications are 
expected in airplane hydraulic pressure systems. 


Hydraulics Div., Pantex Mfg. Corp., Pawtucket, R. 1. 
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Relays Give Current and Temperature Protection 


Two relays are offered to supersede the manufacturer's 
previous types for current and temperature protection. The 
first relay is for service in dc circuits to furnish protection 
against over-current, under current and reverse current. The 
operating voltage is supplied by a shunt in series with the 
protected line. The moving coil is in parallel with the shunt 
so it will receive current in proportion to line current. 

The second type relay is for protection of transformers, 
ac or dc motors and generators from damage from abnor- 
mally high temperatures. An exploring coil in the windings 
of the protected gne forms one leg of a resistance 
bridge which supplies energy for the relay. 

Both relays have single-pole, double-throw contacts. A 
permaneni magnet core within the moving coil supplies 
a constant field and cuts the size of the relay approximately 
in half in comparison to its predecessor. 


Westinghouse Electric Cc rp., Box 2099, Pittsburgh 30, Pa. 
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Black Finish Resists Corrosion, Holds Dimensions 


A metal coloring process gives a 
rust-resistant finish to metal stampings, 
screw machine parts, wire products, 
springs and castings. Dimensions are 
not changed. Parts previously heat- 
treated to 300 F are uneffected. Low 
electrical resistance of the finish pre- 
vents flashing in welding. Approxi- 


mately 250 sq ft are covered per Ib 
of dry powder. 

A good undercoat for laquers and 
enamels is provided. No baking or ac- 
celerated drying is required. The coat- 
ing mixture is nur o adding 7} lb 
of powder to each gallon of water. 
Parts are dipped with the solution at 


Circle No. 6 on Reader Service Card 


a rolling boil. The solution will not 
deteriorate and can cool over week- 
ends. 

The black surface is rough enoug! 
to hold organic finishes that may be 
put on for appearance or corros 
protection. 


tomite Black í ) 
549 Washington Blvd., Chicago 6, ll! 


CONTINUED ON PAGE 170 
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Smart design engineers 
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M use WANN 
to solve problems of clutching, braking, 
Á automatic control, shock and torque on their products 









































JUR PROBLEM 
is to design your machine or its activating parts so that 
you get: (1) Push-button actuation at the machine or a 
remote control panel. (2) Fully or semi-automatic opera- 
tion in "stop" or "start" of machine cycles. (3) Con- 
trolled acceleration or deceleration. (4) Automatic or 
manual adjustment of torque to load . . . or if your prob- 
lem is żo eliminate: (1) "Shock" from stop or start on 
gear trains and shafts. (2) Complex mechanical lever 
linkage, or air and hydraulic piping systems. (3) Vibra- 
tion and hammering from solenoid operated brakes and 
clutches . . . or if you want to increase production from 
your machine by increasing the speed and number of 
cycle operations — 






A WARNER ICB 9" x 2!" Broke Unit installed ond housed on a stondord 40 
hp motor for a flat belt sander. Installation speeded up machine cycling, gove 


better, faster operational control. Installation is simple, compact and readily 
accessible. 





€A GOOD SOLUTION 
to any one or combination of these problems is WARNER 
ICB Units. WARNER ICB Units are electrically con- 
trolled and operated clutches and brakes, They are com- 
pact, mechanically simple and may be applied to machine 
spindles, drive shafts, or direct to electric motors. Because 
of their design, they may be operated individually or in 
combination, manually or automatically, by direct or re- 
mote control. They provide for infinite controlled varia- 
tion of torque in either clutching or braking action within 
their rated capacities. Their action is smooth and shock- 
less—fast and practically noiseless. They are self-adjusting 
and self-compensating for life. Their design guarantees a 
high rate of heat dissipation, 






From left to right: a Warner ICB Brake Unit, a Warner ICB Clutch Unit, oand 
a combination Warner ICB Clutch and Broke Unit. Note clean, smooth, com- 
pact, appearance — simple mechanical ports. 


OMORE INFORMATION 


on WARNER ICB Units and their application as clutches 
or brakes to various kinds of machinery is available. They 
may be used on continuous or intermittently operated ma- 
chines. There is a complete range of sizes to meet both 


braking and clutching torque needs. If you have a design 
prablem such as indicated above, write today for our free 
bulletin No. 701. If possible, state your problem. Not 
only will you receive your bulletin copy, but experienced 
WARNER ICB engineers will be glad to consult with you 
without obligation. Write direct to WARNER ELECTRIC 
BRAKE MANUFACTURING COMPANY, Beloit, Wis. 











* 


Bulletin 701 contains complete specifications and description WARNER ICB Units are manufactured by Warner Electric Broke Mfg. Co. 
of WARNER ICB Units. See for yourself how they offer od- — pioneers in the field of electric brake design and application since 1927. 
vontages never before available on industrial clutches and 

brakes. Write for it today — no charge. 
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Automatic Systems Control 


no Drive 


Electronic, pneumati 
stems are built into a 
put speed will follow an 
self in a pre lctermined n 
tain constant tension in a winding 
The electronic system is used 
eparated from drive. Two potentiomet 
bridge. Movement of on« potentiomet 
ontrol motor. The other potentiometer 
)ntrol screw and permits the system to change 
the bridge circuit 1s again in balance 


The pneumatic control fits into existing plant air systems 


ind is explosion-proof. Speed is varied by cylinder piston 
movement. Output speec d depends on piston position, which 
is directly dependent on air pressure 

The hydraulic system is suitable where extreme sensitiv 

highly accurate control or rapid response is necessary. 
The position of the hydraulic cylinder pan determines 
output of the variable speed drive. The cylinder is governed 
by a hydraulic valve. A very small arc of valve movement 
will actuate the cylinder and change speed. 

Mechanical control is best where sufficient operating 
force is available to permit direct connection through a 
simple linkage system. A motor driven cam and follower 
for a set speed cycle is illustrated. The cam follower varies 
speed. The cycle depends on control motor speed and cam 
contour. 

The variable speed transmission is available in 8 sizes, 
from 1 to 25 hp, for ratios to 6:1, in 16 standard types, 
including plain, motorized, single and double reduction 
geared units, for horizontal or vertical mounting. 


Link-Belt € 307 N. i higan Ave., Chi 
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Double Worm Gear Gives Low Output Speed 


A two-shaft gear motor gives very slow speeds on twin 
output shafts. Developed for combustion control systems, 
the gear motor uses double-reduction worm gearing to 
furnish an output speed of 0.4006 rpm and approximately 
220 in-lb output torque. Speed reduction is 4242.4 to 1. 

The drive is a special single- -phase, 60 cycle, 115 volt, 
1725 rpm capacitor-run, capacitor-start motor, furnished 
with 3 leads. Itis reversible up to 20 times per minute 

A double output shaft is provided, at right angles to the 
input shaft. One side of this shaft is designed to drive a 
limit switch. A 23 in. bandwheel operates a clutch, dis- 
connecting the motor from the first reduction worm pear. 
The output shaft can then be turned by the handwheel. 

Weighing about 12 pounds, the motor- reducer measures 
8$ in. in length, 944 in. in width, and stands 511 in. high 


Janette j t es a é Ç> ( hica I 
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To save time on every design 
... Specify piping from CRANE 






Whether your design job calls for a lot of piping—as on this 
Steam Generator—or for very little, vou can't help but save 
specifying time when you reach for your Crane Catalog. 
Why? Because it not only contains the world’s most com- 
plete line of piping equipment, but lists it so you can find 
every item you need... ina hurry. 


To be able to get everything from one supplier—as you can 
from Crane—simplifies all piping procedures, from original 
product design to final product assembly. In addition, your 
product acquires added value when it's Crane-equipped. For 
buyers know that Crane Quality stands for the best in piping 
materials. 


—— 
——HÓ!ná—M] 


CRANE CO., 836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving All Industrial Areas 


2 FOR A BIGGER SELECTION OF BETTER PIPING 


. .. LOOK TO THE BIG CRANE LINE 
FOR POSITIVE PROTECTION 


SCREWED 
FITTINGS against pressure overloads, Crane 









recommends No. 2674 500-Pound 


= Brass Relief Valves. Proper seat- 


ed 


ing is assured by bottom guide on 

| UNIONS | disc. Valve bod) effectively sealed | 
by asbestos packing in stuffing box. | 
VALVES Wy orking pi essure: 301 to 500 pou nds, 


atr or Cas at 4007 F. maximum tem- 


| perature. Sizes: 15 fo 2-1. Nee your 
a No. 49 Crane Catalog, p. 319. 
GLOBE 
- E 
Steam Gen by 
r Hea g ¢ 
( ago, I 





RELIEF K 
VALVES 
a 
Nm ANGLE 

VALVES 


TG = UNION | 


FITTINGS 


EVERYTHING FOR 
EVERY PIPING SYSTEM 


VALVES « FITTINGS « PIPE « PLUMBING AND HEATING 
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COMPONENTS 


ALL-STEEL, SEALED HOUSINGS are stronger and more rigid 
than cast iron. One-way air vent at top keeps oil in, dust and 


moisture out. Weight is saved over «ast iron enclosures. 


Stecl Housings Protect 


Speed Reduction Gears 


Heat treated, shaved gears run quietly at high 
mechanical efficiency. 


Concentric-shaft and right-angle gear reducers are now 
in production for from 1 to 50 hp capacities. Straight roller, 
tapered roller and ball bearings are used on standard 
models. Steel housings have been used to give greater pro- 
tection with lighter weight. 

Single, double, triple and quadruple reduction units are 
available. Larger shafts and bearings, with wider bearing 
spacing than was standard in previous reducers have been 
used to give increased overhung load capacities. All ratings 
are for continuous 8 to 10 hours per day service. Oil- tight 
construction is designed to keep lubricant clean. Dip of 
revolving elements gives direct lubrication to gears and 
bearings. Rating overloads of 100 percent are allowed for 
starting. The units can also be used as speed increasers. 

The single reduction ratio range is 1.49 to 6.15 to 1 in 
the parallel shaft units. Reductions from 3:35 to 969 to 1 
are available in double, triple and quadruple reductions. 
Right angle reducer ranges cover 5.7 to 515 to 1 ratios. 

Units are rated to standards of the American Gear Man- 
ufacturer's Association, and allow 100 percent starting and 
momentary overloads. Shafts and bearings have been de- 
signed heavy enough to take overhung loads from sprockets 
or pulleys. Internal backstops can be furnished with no 
changes to mounting dimensions. Gears are taper-bored so 
that gear changes can be made when different ratios are 
desired in standard units. Gear faces are heat treated and 
shaved for close fits. 


The Falk Corp., Milwaukee 8, Wis 


AND PARTS 


continu: 


EFFICIENCIES from 96 to 98.5 percent, at reductions from 
1.5:1 to 970:1 are claimed with standard helical gears. Gears are 
taper bored to make ratio changes easy. 


Concentric Shaft 


Right Angle 


Output 1 to 1170 rpm Output 1 to 350 rpm 


Imput up to 1750 rpm Imput up to 1750 rpm 
to YS 5 percent t 


to 98.5 percent 


Depends on Gear Tra 


Minimum 1.5 to 1 
Medii: 70 to 1 


Minimum 5.7 to 1 
Maximum 515 to 1 
Hp Range 1 to 50 Hp | 1 to 50 Hp 
| 


RIGHT ANGLE REDUCERS, horizontal or vertical, with th« 
same efficiencies and capacities are available in 5.7:1 to 515:! 
ratios. Maximum input is 1750 rpm. Large bearings and wid: 
bearing spacing improves capacity for overhung loads. 
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SEVEN 
STRONG REASONS 


There/are seven excellent reasons 
why/ use steel prefer — and 
specify—N~ . 
All of these r 


turers make 


TEEL 
f g0 farther. 


rs of 


a ton of sheet steel | 
| 


HIGH-TENSILE S 


M FINER GRAIN STRUCTURE | 


| GREAT iMPACT TOUGHNESS | 


"HIGH STRENGTH 


SISTANCE 


HIGH FATIGUE RE 
RMABILITY 


| GOOD FO 
LDABILITY 
l 


- gxcetENT. WE 
E CORROSION RESISTANCE 


GREAT 
LAKES STEEL CORPORATION 


A- 
N- x Alley Division, Ecor se, Detroit 29, Mi higan 
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AND PAR T'S 


Electronic Rectifier Converts A-C to D-C 


tronic rectifiers convert a-c 


ral M industrial and comi 
idjustab 


as high as 


ind wall mounted ele 
nercial ap- 
res can 
230 v, 87 amp. On the 
to 100 


I + + 
onstant or le d-c output voltag 


be supplied with ratings 
adjustable voltage rectifiers the variable range is 60 
rated Output : 

including the transformers, are 
assembled enclosures to simplify in- 


Electronic tubes 


mponents anode 
tactory 
maintenance 
rated conservatively for 
Separate compensating ad- 


voltages are incorporated in all 


inspection and 


omponents arc safety 
reased operating life 
tments for filament 
tronic rectifiers are designed for operation from 
230/460 v, single phase or three phase 


1 
Fhe CIC 


250 or 


B 


" 


Circle No. 10 on Reader Service Card 


Miniature Chain Fits Extra Small Pulleys 


A miniature load carrying chain and a stud chain spe- 
cifically designed for use around very small pulle ‘ys and 
sprockets are now being manufactured. Made in either 
stainless steel or berylliu m copper, the chains are non-mag- 
netic and non-corrosive. The beryllium copper chain was 
developed for electronic applications "e: completely 
non-magnetic materials. Weighing 0.75 and 0.50 ounces 
the chains give high uh. precision con- 
struction for miniature mechanisms 

The stud chain has applications in special cameras, fac- 
simile equipment, electronic parts, special radios and small 
instruments. The load carrying chain was de- 
veloped to operate around pulleys as small as ye in. in 
diameter, passing through a 180 deg turn without binding 
or slipping. It is especially useful in aircraft cockpit con- 
trols and other applications quang smaller pulleys than 
those which handle standard 4 in. cable. Chain end fittings 
can be — to specific requirements. 

The load carrying chain using stainless steel links with 
heat treated SAE 4130 pins er: a yield strength of 310 Ib 
and an ultimate strength of 428 Ib. In beryllium copper 
links with heat treated | SAE den pins the yield strength is 
290 Ib, with an ultimate strength of 440 lb. The stud 


yer lineal foot, 
| 


| (re ision 


chain will operate around a seven tooth sprocket wit! 


minimum diameter of 0.395 in. With stainless steel links 


the stud chain has a yield strength of 100 Ib and an ult 


mate strength of 170 Ib. With beryllium copper links | t 
stud chain has a yield 
strength of 140 Ib. 


Franklin C. Wolfe, Co., In 
407 Commercial Center St., Beverly Hills, < 
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Laboratory Instrument Covers Wide Range 


An oscillosynchroscope is used, in 
laboratories where versatility of oscil- 
lographic facilities is required. The 
vertical amplifier response is flat from 
five cycles to 16 megacycles. It extends 
beyond 30 megacycles, including the 
use of a 0.2 microsecond signal delay 


seconds. 


line. Two separate sweep systems per- 
mit accurate display of repetitive phen- 
omena with recurrence rates as high as 
10 megacycles, or transient and recur- 
rent pulses as short as 0.05 micro- 


Built-in trigger and delay generators 750 


are provided for synschroscopic app! 
cations such as those encountered 
radar circuits. Time measurements 


second timing markers. 


Browning Laboratories, I 


Main St., Winchester, M 
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strength of 80 Ib and an ultima: 
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All 


made by 0.1, 1.0, 10 and 100 micro 
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NEW COMPONENT 








An improved design of coil is 
highly effective in demagnetizing ma- 
terials and stabilizing magnetic flux 
Any unshielded magnetically soft ma- 
terial, including forms of iron and 
steel, can be demagnetized by this in- 
strument. The device can be used to 
eliminate undesirable magnetic flux 
from tools, drills, punches, small arms, 
and machined parts. 

The demagnetizer is also useful in 
equalizing and stabilizing flux in per- 
manent-magnets for electrical instru- 
ments and controls. In general, per- 
manent magnets are magnetized to a 
flux density higher than that required 
in the finished product. The demagnet- 
izer reduces the flux density, stabiliz- 
ing it at the desired value 

The instrument is shipped complete 
and ready for use. It consists of an air- 
core coil built in a frame which can be 
mounted on any table or bench. The 
coil is rated at 115 v, 60 cycles, and is 
equipped with switch, pilot lamp, and 
a flexible lead fitted with a standard 
plug. It has a rectangular opening 4} 
yy 84 in. to accommodate stock up to 
8 in. wide. The coil axis is horizontal 
and mass production demagnetizing 
may be accomplished by passing a non- 














MATERIALS AND 





Demagnetizer Fits Variety of Shapes and Sizes 


metallic conveyor belt through the in- 
strument parallel to the coil axis. 
Pieces of considerable length can be 
demagnetized, or several small pieces 
can be demagnetized simultaneously, 
provided they are not in a metal con- 
tainer and are not in suffiient con- 
tact to cause shielding of any of the 
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PARTS 





pieces. Grease, dirt, scal yr rust 
not affect the process. The c iS 
signed for incorporation in production 
machinery making permanent magnets 


and for testing and laboratory 
cations 


Special Product D 





Hydraulic Balance Gives Smooth Valve Operation 


A double-solenoid, 4-way hydraulic 
valve is used as a semi-automatic elec- 
tric control for a hydraulic circuit. The 
solenoids at each end of the valve 
body are continuous duty, push type. 
Energizing the solenoid on the right 
moves the valve piston to the left, and 
vice versa. 

Principal feature in the design is the 
hydraulically balanced piston with in- 
tegral spool and stem. The entire pis- 
ton surface is hardened, ground and 
lapped, with special grooving to mini- 
mize binding at high pressure. The 
valves are offered double solenoid op- 
erated, either standard or spring-cen- 
tered action; single ienl eonun 
with spring return; and solenoid pilot 
operated. 

For pressures up to 1,500 psi, five 


sizes are available: 4, 3, 4, 3 and 1 in., 
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ELECTRICALLY OPERATED 4-way hydraulic valves are designed to handle high 


] te 


£ 


pressures with low current requirements. The spool is moved by push-type solenoids at 


each end. Operating surfaces are hardened, ground and lapped 


for standard 110, 220, and 440 v, 50 
or 60 cycles. Non-standard current 
specifications furnished upon request 

The hydraulic balance feature re 


duces binding and increases the speed 
and reliability of operation. The m 


uC- 
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chanical solenoid force does not buck 
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COMPONENTS 


CAPACITIES 0 to 10 gpm in either direction are available in 
foot mounted, flange mounted, and stripped models. Handle con- 
trols discharge direction and displacement. 


AND 


continue. 


PARTS 


WIPING ACTION of the vanes over the inner bore is mini- 
mized by leaving the pressure ring free to rotate. This also 
reduces friction and heating. 


Vane Pump Gives Variable Delivery in Either Direction 


This pump provides adjustable displacement without 
heat-generating relief valves. It is a standard unit, produc- 
tion manufactured. The pump is also reversible. This fea- 
ture can be used on closed circuit applications. The pne 
is independent of direction of rotation and can be driven 
from a power source which rotates only one way. It can 
be coupled to such a source and the direction of discharge 
adjusted to suit the hydraulic requirements of the installa- 
tion. The piping of the circuit can also be arranged in the 
easiest way without worrying about intake and discharge 
sides of the pump. After the piping is complete, the pump 
is adjusted to discharge in the desired direction. A total of 
four pump connections are provided; two each for the in- 
take and discharge. With this arrangement, sixteen differ- 
ent connection combinations are possible. 

The pressure ring is free to rotate with the pump. This 
eliminates high velocity wiping action of the vanes over 
the inner bore of the ring and reduces friction and heating. 
Because the pressure ring rotates with the pump, the 
vanes are moved back and forth in their slots b a radial 
force. The tangential force component is very slight. The 
vanes are mounted radially, since the pump is driven in 
either direction. The spider design provides a long bearing 
for the vanes. 

The vanes are held firmly in the spider and make positive 
contact between —— ring and the core piece, in any 
eccentric position of the spider in the pressure ring. Each 


vane is a section of a cylinder of diameter equal to vane 
length. The diameter of the core plus twice this cylinder 
diameter equals the inner diameter of the pressure ring. 
This gives the pump characteristics similar to a piston pump 
and allows low-speed operation. 

The displacement is governed by the amount of eccen- 
tricity of the pump spider relative to the pressure ring. The 
direction of discharge depends on whether this eccentricity 
is to the left or right of center. The amount and direction 
of this displacement is controlled by an eccentric rocker 
shaft mounted in the cover plate. The outer end of this 
rocker shaft is adapted to receive any number of controls, 
including a simple knurled knob, a manually operated 
lever, and more complicated manual- or power-operated 
mechanisms. 

Construction has been kept simple and rugged. The 
hydraulic passages in the body are short, direct and ample 
to keep the velocity of the oil below accepted limits. The 
pump is available in foot mounted, flange mounted, and 
stripped models. Capacities 0 to 10 gpm in either direction. 

More expensive piston pumps have the performance 
characteristics of this unit. However, the manufacturers 
have used vane construction in the new model to incorporate 
these advantages into a low-priced pump. The cost is 
claimed to be only slightly above that of a conventional 
vane pump. 

Hydropower Inc., Milwaukee, W 


Circle No. 15 on Reader Service Card 


SEALED RELAY measures 144 by 
1$ by 14, inches. Mounts on 3 studs 
and has 3 solder-lug terminals. Con- 
tact combinations up to 4 pole DT. 
Advance Electric and Relay Co., 2435 
N. Naomi St., Burbank, Calif. 
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Rapids 2, Mich. 
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ROTARY ACTUATOR weighs less 
than 1 Ib and develops 110 in-lbs 
Rotates 90 deg in 
less than 1 sec at rated 60 in-Ib torque. 
Lear Inc., 110 Ionia Ave. NW, Grand 
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PHOTOELECTRIC COUNTER ope: 
ates at 10 ft range, 600 counts pe: 


extra wiring is necessary. Photoswit 
Inc, 77 Broadway, Cambridge 4 
Mass. 
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NEW COMPONEN 








Chief feature of this valve is flexibility due to inter- 
changeability of parts. It can be supplied with a vertical 
handle, a vertical handle with spring return, horizontal 
handle, horizontal handle with spring return, double- 
treadie fcot lever, or foot lever with spring return. 

A separate base permits manifold mounting. Bases are 
available for bottom or side ports. A level seat is standard, 
vosition locking ar- 
rangement, or non-locking, can be supplied. 

The valve is available in 3-way or 4-way models, with 


non-level optional. A two or three 


2 
3 


1 and j in. pipe sizes. Maintenance is simplified by design 
providing quick accessibility to all moving parts. 


T 


f 


^ 





Operating | 
ive., 
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Interchangeable Parts Multiply Valve Applications 


PARIS 


continued 





E 


Detroit 3, Mich. 
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INTERCHANGEABLE PARTS make this valve economical to 
manufacture and easy to apply. Vertical or horizontal handles, 
oo d plain or spring loaded can be supplied in addition to single and 


double action foot valves. 





Plastic Insulation Does Not Support Combustion 


A plastic electrical insulation which 
will not support combustion is being 
offered to the wire and cable and elec- 
trical industries. Flammability has 
been a characteristic disadvantage of 
plastics with good electrical properties. 
Tests with this material, however, 
have shown that it will not burn after 
the flame has been removed. Neither 
will it drip when molten, a further 
advantage, since hot plastic drippings 
can start fires. 

Its electrical properties are compa- 
rable to, although not equivalent to, 
those of polythene, one of the best in- 
sulating materials known, particularly 
in high-frequency applications. 

Power factor, over a wide range of 
frequencies, is 0.002, as compared 


PRODUCT ENGINEERING OCTOBER 


with 0.0002 for polythene. Its dielec- 
tric constant of 2.7 compares with that 
of less than 2.5 for polythene. The 
new plastic insulation is non-tracking 
and retains its electrical properties 
after immersion in water for long pe- 
riods at elevated temperatures. Its low- 
temperature properties may be classi- 
fied as excellent and its mechanical 
properties as good. 

Tests point to its use where flamma- 
bility is a factor, as insulation for 
high-voltage hook-ups, signal-controls, 
television lead-ins, radio feed-backs, 
flame-retardant line wires, neon-signs, 
multi-conductor controls, and high- 
voltage street-light cables. 

It can be extruded on to wire at 
high speed; it can also be injection 
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i 


molded. Molded electrical parts and 
i f : 

extruded electrical tape are being de 
veloped for uses where flammability 
is a consideration 
This material 


} Je E 
is the resuit oi ex 


tensive research on the flame resistance 
and combustibility of insulating plas 


1 


tics. It is the first material of suitable 


electric properties with a heat of com 
bustion low enough to ensure that a 
flame applied to the insulation will not 
be self-sufficient. If the temperature is 
raised to the burning point by a short 
circuit or other outside conditions, thc 
insulation will not liquify to the poin: 


t "3 "^or mf oh 2:7. a near 
of running into the other machinery 
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Pressure Cells Mount Without Flexible Tubing 


Phase and amplitude errors from flexibile-tube conne 


dynam 


1 ; b os 
ton otf pressure cells used in measurement arc 


elimination of 
Hl 


cells by 
Cells 


measured 


flush-mounted 


tions 


eliminated in these 


* l 1 ] 
the tubing themselves mount dire 


in the 


conne 


surfaces which contain the 


pressures 
Several styles are offered to fit various applications —includ 
ing wedge shaped types small enough to be used within 
1 in. of an airfoil trailing edge 


Having a natural frequency of 2.400 «ps 


approximately 
the cells exhibit à uniform frequency response between 
and 250 cps. Units are listed with these sensitivities: 0 to 

2.5 psi, 0 to +5 psi, and 0 to +10 psi. Phase accura 
+0.2 deg. Accelerations encoun 


1 P 1 
tered on vibrating or oscillating surfaces are negligible in 


throughout is better than 


effect. With these characteristics, cell outputs can be com 
bined electrically for measurements such as lift or hinge 
and pitching-moments of ailerons. With this tect 
complicated calculations are avoided 

Related equipment to provide for driving standard oscil 
lograph elements from cell outputs includes carrier-fre 
quency bandpass amplifier, oscillator, and power supply 
The two-channel amplifier has dimensions 43 by 51 by 71 
in.; weight, 51 ]b. The oscillator power supply 1s 61 by 43 

i 2 FE 4 1 

by 111 in.; weight, 103 Ib. The 3-in. cells weigh less than 
1 
1 oz 

This equipment is applicable to the measurement of 

PI 

instantaneous aerodynamic forces of the types encountered 


in flutter-, transient-, 


ind gust-studies in wind tunnels, or 


CELL MOUNTS DIRECTLY in the surface where the pressure 


is to be measured. Amplifier controls standard oscillograph 


se of the small size and light weight of the ass 
iated units—in flight. 

‘luid pressure acts only on the surface of the cell. Here it 
is changed into a signal which is lead out to the instru 
ments. The signal is read remotely instead of the pressure 

S I 


Corp.. 1122 County Rd., San Carlos, ( 
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Ionization Gage Measures Very Low Pressures 


An ionization vacuum gage measures pressures as low as 
5 x 10? mm. Hg. Resembling a triode vacuum tube, the 
new gage has three elements—filament, grid, and ion col 
lector. They are inverted from the conventional arrange 
ment, however. The filament—of which there are two, onc 
a spare—is outside the cylindrical grid. The ion collector 
consisting of a fine wire, is suspended within the grid. 

The volume thus enclosed by the grid is comparable to 
that between the grid and plate of the ordinary ionization 
gage. The positive potential on the grid forms a barrier to 
the ions formed inside the grid-enclosed volume. As a re 
sult, they are eventually collected at the center wire. The ion 
collection efficiency is thus comparable to that of the con 
ventional ionization gage. Since the number of ionizing 
collisions for a given electron current is considered to be 
proportional to the gas density, the current on the ion 
collector is a measure of the pressure. 

The simple construction used reduces the metallic sur- 
face in the gage. This makes it easy to outgas the elements 
by electron bombardment at temperatures above 1000 C, 
with power less than 100 watts. The hard glass enclosure is 
2 in. in diameter by 5 in. high. The gage can be operated 
on standard power supplies. 

The new instrument was developed to furnish a sensi- 


tive pressure gage to be used with industrial equipment 
The resemblance to a standard tube simplifies productior 
the clectronic measuring system is efficient at lower prc 
sure levels than mechanical gages. 

Electronic Tube Sal 


Westingh Lamp Div.. Bloomfield, N 
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Although aptly named "The 
Thrifty Metal of 10,000 Uses,” 
ENDURO probably has proved 
its efficiency and economy in 
ten times that many uses. Every 
day it adds to the figure. 


FOR GLARING GARGOYLES... 
AND PERSONALIZED PENS 


@ High up on the Chrysler Building in New York 
City, the gargoyles and other trim of Republ’- 
ENDURO Stainless Steel are just as good as when 
installed some 20 years ago. 

That's just what happens when ENDURO is used 
for building applications. It lasts indefinitely — 
requires little maintenance other than an occasional 
simple cleaning. 


E 
ese N 


1 








yos sae 
- w SG 
Distributors’ stocks and com- — ——' 
petent fabricators are located 
in principal cities. Your local 
Republic representative is J i s 
prepared to answer your s Qu VA ee Ped OI we 
questions, — 


ENDURO is writing history, too, in fountain pens. 
It defies corrosion and wear — permits one manu- 
facturer to make a full line of personalized points 
to suit each customer's need. In the cap and other 
parts of both pens and pencils, it adds that extra 
touch that says, “QUALITY.” 

What makes ENDURO so valuable throughout all 
industry? Why, its versatility. Resistance to rust, 
corrosion and heat—unusual strength and toughness 
—add up to long life and low maintenance cost. 
Sanitation, freedom from contamination and easy 
cleaning protect product quality —cut processing 
costs. Beautiful lustre changes eye-appeal into 
"buy-appeal." 

You never know where ENDURO will be used 
next—in paper mills and paint factories—in movie 
cameras and milk tanks—yes, even in caskets. The 
list is endless. 


Now, how about your product and plant equip- 
ment? There must be some place where ENDURO 
will pay its way. Why not let Republic engineers 
and metallurgists tell you where? Write us. 





E S 
REPUBLIC 





(© STAINLESS STEEL 


RUST-RESISTANT * CORROSION-RESISTANT * HEAT-RESISTANT * ATTRACTIVE * SANITARY * EASY TO CLEAN 
EASY TO FABRICATE * STRONG * LONG-LASTING * LOW IN END COST * Whot more con be desired in o moterial? 


REPUBLIC STEEL CORPORATION : Alloy Steel Division, Massillon, Ohio» GENERAL OFFICES, CLEVELAND 1, OHIO 
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Export Department: Chrysler Building, New York 17, N. Y. 
















COMPONENTS MA’? ER i AES AND PARTS . . . . continued 


Electronic Instrument Controls Equipment 


peed, flow, pressure, static strain and a-c 

rrent can be accurately controlled by a 

recently developed instrument. Any elements producing 

lectric potentials, such as thermocouples, radiation detec- 

t or resistance bulbs, can be used for measuring the 
variable 

An internal battery furnishes a voltage which is applied 
across a 9} in. slide wire resistance. The rider on this slide 
wire is attached to the pointer on the control scale of the 
instrument. Both are moved by the control knob below the 
scale. Setting a value on the scale applies a proportional 
voltage to a potentiometer measuring circuit. If this volt- 
age is exactly equal to the potential from the control thermo 
ouple or resistance bulb, the circuit is in balance. Any 0.4.8 I2 . 16 -20 
difference between the two, however, gives unbalance. The 
resultant error current tips the null indicator at the top of 
the instrument. This also moves a metal vane placed be- 
tween two coils in the power relay control circuit, changing 
the frequency of the circuit and energizing the relay. 

The relay controls the fuel valve, electric heater, etc., 
which corrects the variable. When the correction has been 
made, the relay returns to its normal position. A variety of 
two position and proportioning switches for 105-115 or 210- 
250 v, 50 or 60 cvcles are available 

I el Instri n'c ( Chicago 7, Ill 
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Flame Resistant Hydraulic Fluid is Non-Toxic 


This hydraulic fluid is non-toxic, flame resistant, and ies 
has good lubricating qualities. Chemically, it is an ester PHYSICAL AND CHEMICAL PROPERTIES 
base compound, with no halogenated hydrocarbons, salts 
or water. Appearance Clear, blue, oily liquid 

Special hose, gaskets and packing materials are necessary. Acidity = 0.01 
A number of suitable elastic materials are available from Moisture 0.25 Max 
the principle manufacturers. Gasket materials complying 
with specifications AN-G-171 and AAF-40231 are suit- Refractive Index at 25 € 1.507 to 1.510 
able. The fluid will soften most finishes that have not been Specific Gravity 1.088 to 1.095 
baked. Several manufacturers furnish paints that are not Specific Heat 0.42 BTU /Ib/F 
effected, however. Thermal Conductivity. 0.047 BTU /hr/f:*/F 

No special protective precautions are needed in handling. Flash Point 435 F 
The fluid is not an irritant to skin or eyes Fire Point 460 F 

Low temperature pour point is —70 F; flash tempera- — Viscosity centipoises) at 100 F . 110; 
ture is 435 F. The viscosity varies from 2.65 to 11.05 at 210 F 2.65 
centipoises between 210 and 100 F. The fluid is slightly Viscosity Indes 76 
heavier than water and has a sweet odor. Pour Point —70 F 

Monsanto Chemical Co., Organic Chemicals Div.. 
1700 S. 2nd St., St. Louis 4, M 


Odor... b bes Slight, sweet 


Circle No. 24 on Reader Service Card 


SANITARY MOTOR FINISH is STARTING RELAY for fractional WIRE-WOUND RESISTORS, with 
baked white enamel. Capacities range hp, single phase motors mounts in any 5 terminals at one end, meet JAN 
from 3 to 73 hp. U. S. Electrical Mo- position. Saves space over centrifugal styles RB40B, -41B, and -42B. Wire 
tors. 200 E. Slauson Ave.. Los Angeles switches. R-B-M Div., Essex Wire leads also furnished. Shallcross Mfg 
54, Calif. l Corp., Logansport, Ind. Co., Collingdale, Pa. 
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BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast 


Steel Corporation. Export Distributor: Bethlehem Steel Export Corporation 


IRODUCT ENGINEERING — Ocronrn, 1950 





contin 


Duplex Timer Controls Two Circuits Simultaneously 


\ combination of two timers built as one unit will open 
ind close one or two load or control circuits. Operation can 
be continuous, or the timer can be set to perform one com 
plete cycle and then stop 

Typical uses include the control of idle and running time 
of a machine; alternating the operation of two motors in a 
lual pumping installation; controlling the period feeding 
of chemicals to boilers; uniform reverse of gas flow in 
hearth and other industrial ications 


which require repeat-cycle operations 


open furnaces, 

Two styles are available. One for intermittent duty has 
| clutch built into the motor and operated by a magnetic 
effect on the rotor. The second type, suitable for continu- 
ous duty, has a clutch consisting of two gear members actu- 
ated by a small electro magnet. 

Eleven different dials, ranging from 15 seconds with 
| sec scale divisions to 5 hours with 15 min scale divisions 
are made. Unless otherwise specified, the timer resets to 
zero on power failure, to repeat the whole cycle. 


Ew 


Cramer € Centerbr k, Conn. 
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Compact Reduction Clutch Shifts Under Full Load 


This reduction clutch operates without counter shafts or 
special reversing arrangements. The minimum reduction 
ratio is 4 to 1. Three positions, forward, reverse, and 
neutral are provided to transmit 2 to 12 hp continuously. 

The entire unit is 93 in. long, 93 in. wide and 1045, in. 
high. The axes of the input and output shafts are coincident. 
The clutch can be shifted or reversed under full load, 
without difficulty. 

Quiet operation in reverse and forward speeds is claimed. 
The cast iron housing has been designed rigid enough to 
withstand service deflections and vibrations. The enclosure 
is dust-, dirt- and grit-proof, and oil-tight to hold the bath 
for the self-lubricating gears. Roller bearings support the 
shafts; pinions are hardened to 55 Rockwell. 

Belt, chain or direct drives may be used. The clutch hous- 
ings can be furnished for various mounting needs. Pos 
sible applications are materials handling vehicles and 
conveyors 
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MIRRORS reflect 93 percent of vis- 
able light from a surface of vacuum 
condensed aluminum with hard, trans- 
parent coating. Can be wiped and 
dusted. Zenith Optical Lab., 123 W. 
64th St., New York 23, N. Y. 
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LOCK SCREW bites into metal with 
rachet teeth on the under side of its 


184 


head. Holds tight without washers. 
Hex, pan, truss and flat heads are 
available. Russell, Burdsall & Ward 
Bolt and Nut Co., Port Chester, N. Y. 
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SHADED-POLE MOTORS are re- 
versible in 6 pole, 1/30 to à hp 
models. Extra-compact shaded-pole 
motors come 1/15, 1/20, 1/25 and 


1/30 hp. Full load speed is 1,000 
rpm, no-load 1,150. Fasco Industries, 
Rochester, N. Y. 
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POROUS BRONZE BEARINGS 
cored bar, solid bar, plate stock are oil- 
impregnated. Boston Gear Wks., 7! 
Hayward St., Quincy 71, Mass. 


Circle No. 33 on Reader Service Card 
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You can get wire cloth made exactly to your specifica- 
tions—from Reynolds. That means more than woven 

to order. Because Reynolds, early in its 54 years of 

wire cloth making, began drawing its own wire—to 

control quality. That means the wire itself, as drawn 

by Reynolds, will be as you specify—exactly right 

as to metal, alloy, temper, flexibility, gauge and 

finish. And, of course, Reynolds weaves it to your ~ha 
specification—uniformly right as to weave and Send for 
mesh. That makes it your wire cloth—made to meet NEW 
all the needs of your product. You can depend on 
Reynolds engineers to carry out your specifications Catalog 
to the letter. Consult them. No cost or obligation. 


REYNOLDS WIRE CO., DIXON, ILLINOIS 
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VARIABLE PITCH PULLEY rides on motor shaft. Anti-friction 
idler carries belt when motor-pulley sides are spread, prevent- 
ing wear. As speed increases, balls in ball tunnels are forced out 


Automatic Clutch Changes 


An automatic variable-speed clutch, controlled by motor 
speed, has been offered. At low motor speeds, high-ratio 
speed reduction is obtained. As motor speed increases, 
A standard 7} in dismeter model is made 
for 4 to 14 in. shafts. Other sizes are furnished on order 

The dui h works on centrifugal action. Balls are con- 
tained in four tunnels, spider-legged out trom driving 
pulley hub. Studs from one side of pulley stop-up these 
channels. As motor speed increases, balls force the sasabees 


ratio de reases. 


continue: 


\e Pulley stalin 


centrifugally to push on pulley studs to increase pitch diameter. 
Clutch spring opposes this. Driven shaft pulley sides are spring 
loaded inward to retain belt tension. 


Ratios to Fit Motor Speed 


out in tunnels, pushing on pulley studs. This increases 
ne pulley pitch diameter by moving the adjustable 
side down the shaft on splines. A spring resists this and 
decreases pitch diameter when pulley slows down. 

Various starting and running speeds can be obtained by 
changing belt size, changing number of balls in 2 or 4 
tunnels or by using a combination of steel, aluminum or 
lead balls. Non standard models can be furnished. 

Driv-Way Lite Q P. O. Box 2850, Denver 
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Valve Holds High Vacuum 


High vacuum valve requirements may be filled by a 
packless, high-vacuum, bellows valve, designed for appli- 
cations which require a very low rate of leakage. 

The valves are made with bronze bodies. A brass bel- 
lows completely seals the valves from edm: pres- 
sure, independent of valve position. The standard seat 
is Neoprene. Other seats, such as Teflon, are available. 

Each valve is individually tested on a mass spectrom- 
eter type detector, c apable of detecting leaks of less than 
0.01 micron cubic ft per hour. Available at present are 1, 
13, 2 and 3 in. valves in globe screw and flange types. 
They are stock items, ready for immediate delivery. 

High- vacuum equipment applications are expected in 
coating, dehydrating, evacuating electronic tubes, and 
laboratory experimenting. In general, the valves are suit- 
able for any application which requires low pressure. 

National Research Corp., 70 Memorial Dr., Cambridge, Mass. 
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Diaphragm Carries Acids 


MN diaphragms combine resist 

e to chemical attack with the physical properties neces 
sary in a valve diaphragm. The thermoplastic has been 
moulded into a touch, flexible sheet which withstands cor 
rosives like chlorinated aliphatic and aromatic compounds 
concentrated nitric, chromic, hydrofluoric and sulphuri 
acids, and most solvents which attack rubber and syn 
thetic diaphragm materials. 

The diaphragms are available only for the manufac 
turer's valves. These have been altered to use a backing 
sheet which cushions and protects the thermoplastic dia 
phragm. 

Valve bodies may be cast of corrosion resistance alloy: 
or lined with glass, lead, rubber or other impervious ma 
terials to suit operating conditions. Specifications cove 
pressures up to 100 psi. 

Grinnel Co., Providence 1, R 
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"Commercial Ball-Bearing Data...^10 of a Series 


WE WILL BE GLAD TO SEND YOU COPIES OF THE PREVIOUS ADVERTISEMENTS IN THIS SERIES 


How a special low-cost ball bearing 
eliminated 


assembly rejects 


This Schatz "Commercial" Ball Bearing was spe- 
cially designed to support the thread spool on a 
textile weaving machine operating at 2500 RPM 
under a 20-pound load. Previously, the spool had 
been held by a slotted washer, spot-welded to a 
standard bearing. Rejects were high, since the 
heat of the welding operation caused distortion 
of the balls and races 


Schatz engineers designed a new bearing with 
a split inner race and a flanged outer race to re- 
place the washer. Result: the bearing could be 
used immediately without the costly spot-welding 
operation, and rejections due to heat distortion 


were completely eliminated 


Special “Commercial” Ball Bearings—like the 
one shown—are often less expensive than stand- 
ard bearings, since costly assembly and machining 
time is eliminated. And many difficult anti-fric- 
tion problems can be solved by various modifica- 
tions in materials, inner and outer races or the ball 
arrangement. All “Commercials” can be furnished 


with single or double row of balls, felt or laby- 


rinth seals, flanged or plain outside diameters, 
i 


hardened or unhardened treads, set screws, Ale- 
mite fittings, extended inner race and hexagonal 


bores Relative costs of precision and "Commercial" Ball bear- 


We will be glad to adapt or design a low-cost 
Special Ball Bearing to fit your specific job re- 


quirements. 


Write for “Construction and 
Characteristics of Low-Cost Ball 


P Jearings. It tells how t le 
e Bearin It te 1 o select 
3 F low-cost Schatz Commercial 
e a e Ball Bearings for various load à 


i speed conditions, gives ‘ »" t] 
Q lassifications of standard types A ' 
. r radial, thrust or combina- 0 m m eT s i a 
Me 1 loads, and discusses the 
ications that can be made 
al design, assembly or 4 H a 4 E A a | n G E 
, nditions. Ask tor 
lo. 11, too. it gives 
lata on the whole 
The Schatz Manufacturing Company 


6758 FAIRVIEW AVENUE POUGHKEEPSIE, N. Y 
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PARTIS 


continue l 


Spring Motor Gives Constant Torque Output 


i 


put and long running 
itput and long running 
made of 


a spring motor made of 


Constant torque o 
vantages ot 
I hc 


and two spindles 


I prestre C é | 
has three parts—the spring itsel 
| | 


1 1 
STOCK basic motor 


The band coils on both spindles i 
opposite rotational directions 
Constant, or 


increasing 


] 


exerted wit! 


decreasing, force is 
Usually, increased deflections of 
elastic members are accomplished by exerting greater force. 
In this spring, however, only a small increment of length 
is being deflected at any instant 


conventional power or spiral 


even 
defl« tion 


l 


The entire length of a 
spring is involved in generat 
ing torque i 

Energy is stored by deflecting each increment in succes 
sion from its natural radius to a larger radius. Therefore, 
a spring mounted on a spindle of the same natural radius 
i forcibly wound onto a spindle of larger radius will 
run from the larger onto the smaller spindle when the 
external force is released. The greater the difference in the 
radiis of the two spindles, the greater the torque. Maxi 
mum output is achieved by back-bending the spring from 
one spindle to the other. 

The conventional power spring cannot 
available energy (Zone 1 +- Zone 2 Zone 3) because 
some minimum torque is required to operate the driven 
mechanism, and the spring must be initially wound to that 
torque. Thus the energy in Zone 1 is wasted. Further, 
the excessive torque delivered by a conventional spring in 
Zone 2, being beyond that which the driven mechanism 
requires, must be dissipated by some auxiliary mechanism, 
usually a governor. 

In the new motor, the desired torque can be delivered 
over the entire range of extension, and the full amount of 


deli er its total 


the Deub 
using Tru 








stored energy (Zone 3--Zone 4) utilized. Zone 4 in th: 
graph is approximately equal to the area of Zone 1 plus 
Zone 2. Thus, long running times are achieved. In addition 
to greater efficiency, the motor develops no friction between 
coils, an energy loss which is a factor in the design of 
motors using conventional power springs. 

Neg'ator Div., Hunter Spring Co., 1 Spring Ave., Lansdale 
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SINGLE PHASE CAPACITOR 
MOTORS are added to standard drip- 
proof line. Starting switch eliminates 
centrifugal switches. Sterling Electric 
Motors, Inc., Los Angeles 22, Calif. 

Circle No. 38 on Reader Service Card 
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INCONEL “T” SECTIONS are avail- 
able in standard size 14 by 14 by 4 
in., in lengths up to 15 ft, for high 
designs. 
Nickel Co., 67 Wall St., N. Y. 5, N. Y. 
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PULSE GENERATOR produces 
pulses controllable in width, amp 
tude and time relation to each other 
Berkley Scientific Co., 6th and Nevin 
St., Richmond, Calif. 

Circle No. 40 on Reader Service Card 


International 
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8. PATENT: 
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using Trvarc Rings, superior and more economical. 


Materials saved 
decreased wall thickness of housing . 
eliminated bearing lock nut and washer 


Machine operations eliminated 
Bore, undercut, and tap cap end of housing 
Locate cop on arbor, and chose threads 
Drill spanner wrench holes 
Cut thread on rotor for lock nut d 
Mill slot in thread for tang on lock washer 
Drill spanner wrench holes in rotor 


Assembly operations eliminated 
Install lock washer, tighten lock nut, bend lug 
Assemble cap into housing 


TOTAL SAVINGS 


WALDES 


REG. U.S. PAT. OFF. 


RETAINING RING 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


WALOES TRUARC RETAINING RINGS ARE PROTECTED BY THE FOLLOWING PATENT NUMBERS 







8. PATENTS 2.382,948, 2,420,921; 2,411,761, 2,487,803, 2,487,802 
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4 Truarc Rings save *2.41 unit cost, 
Simplify Design, Assembly, Maintenance 


This design died on the drawing boards, because 
the Deublin Company, Northbrook, Ill., found the simplified design, 


$.79 
.18 
.97 





.39 
.10 
.18 
.10 





~ 
2 
> 


.20 
-10 
.30 
. $2.41 







2,491,306 AND OTHER PATENTS PENDING 


TRUARC BEVELED 
RETAINING RINGS 


(TYPE 5002) 


(TYPE€ $102) 


yc 


TRUARC STANDARD 
RETAINING RINGS 


(TYPE S000) 





Truarc Beveled Retaining Ring holds cop in place, takes 
up end play, locks entire assembly. Second Beveled Ring positions ball 
bearing on rotor. 2 standard Truarc Rings position bearing and removable 
seal, eliminate shoulders, permit manufacture of housing from strong 
non-porous, easily machined brass tubing. Unit can be serviced in minutes 
simply by removing 2 Truarc Rings. 


HE Deublin Union—a rotating joint for steam, air, or 

water—is simple, rugged, easy to service. 4 Waldes 
Truarc Rings hold entire unit together, permit simplified 
design, cut unit cost $2.41. 

Improve and simplify your own product design with Truarc 
Rings, and you too will cut costs. Wherever you use machined 
shoulders, nuts, bolts, snap rings, cotter pins, there's a Waldes 
Truarc Ring that does a better job of holding parts together. 

Truarc Rings are precision engineered, Quick and easy to 
assemble, disassemble. Always circular to give a never- 
failing grip. They can be used over and over again. 

Find out what Truarc Rings can do for you. Send your 


blueprints to Waldes Truarc engineers for individual atten- 
tion, without obligation. 


Waldes Kohinoor, Inc., 47-16 Austel Place PN102 
Long Island City !, N. Y. 


Please send the new catalog on 
Waldes Trvarc Retaining Rings. 


Nome 





Title 





Company 





Business Address 





l Doo ———— ul $0010 — — Á— 
j AKW 
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make 
CHANGES AT WILI, 


Sure, change your mind! Move 
that ink line just a hair! It's no 
problem at all with CLEAR- 
PRINT Technical Paper. With- 
stands at least two erasures of 
ink lines drawn and redrawn in 
the same position . . . at least 6 
erasures of pencil lines . . . with- 


out ghosting! 


You can change your drawings, 
but Clearprint itself never 
changes. Its perfect working sur- 
face, strength, transparency and 
printing quality remain un- 
changed after extended exposure 
to age, atmosphere, heat and 


light. 


Specify the CLEARPRINT Pa- 
per that meets your technical 
drawing requirements. In rolls 


and sheets. 


[iia 
———— 
CLEARPSINT 
A ERS 
Gite 
TECHNICAL PAPER 


DEMAND IT — THERE IS NO SUBSTITUTE 


® 


SPECIFY: No. 1000H CLEARPRINT 


the universally occepted technical paper 


No. 1025 PAPERCLOTH 
the paper with cloth durability 


AND: 


Clearprint is also available in other weights 
Ask for samples from your deoler, or write: 


CLEARPRINT PAPER CO. 


677 Folsom Street * San Froncisco 7, Colif. 
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continued 


Compact Telephone Relav 


Takes Vibration 


relays, 
micro- 

The 
assembly measures l4 by 1 15/16 by 
11/16 in., has á contacts, and is rated 
at 24 v d-c. Maximum inrush for 
| sec is 12 amps. The relay is claimed 
to withstand better than 50 G vibra- 
tion 

The microswitches are bakelite en- 


Miniature telephone-type 
fitted with from one to four 
switches, are being manufactured 

























closed to protect contacts and springs 
from environment conditions. Com- 
pact size and vibration resistance make 
this assembly particularly applicable 
to rocket, missile and aircraft installa- 
tions. It may be used unhoused or 
hermetically sealed in a deep drawn 
steel can 1 by 11/16 by 2 5/32 in. 
high. The hermetically sealed as- 
sembly has either plug-in or solder 
terminals, with glass insulation. Act- 
uating coils for either a-c or d-c are 
available. 


Potter-Brumfeld, Ind. 
Circle No. 41 on Reader Service Card 


Princeton, 


| Light Torque Turns 


Sensitive. Potentiometer 

A low-torque potentiometer is now 
in commercial production. Primarily 
designed as an industrial or aircraft 
instrument component, the potentiom- 
eter may be used in any installation 
where a small mechanical force must 
be converted into a corresponding 
electrical voltage. It can be operated 
by the minute hand of a wrist watch 
or the pointer of an aneroid barom- 
eter; shaft torque can be as low as 
0.003 1n. ounces. 

Designs are available to carry cur- 
rents up to 1 amp. Outputs operate 


indicating, recording, or controlling ! 
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Heres how to anchor 


a cordset to an 


electrical appliance 


to increase 
Product Life 





Slip a HEYCO Nylon Strain Relief Bushing on wire 
(Heycos eliminate cord wear at chassis entrance.) 









Snap HEYCO into chassis hole. (The Heyco imparts 


a positive non-slip grip; does not injure wire.) 


HERE’S WHAT A HEYCO WILL DO 
1. Save time— reduce costs 

2. Absorb cord pull, push and torque 
- Insulate wire at chassis 

« Prevent fraying 

. Eliminate tyi.g knots 

» Improve appearance of product 


HEYCOS ARE USED ON MANY PRODUCTS 
You will find HEYCOS being used on 
an increasing number of nationally 
known appliances... toasters, heat. 
ers, clocks, roasters, mixers, record 
players, radios, television sets, toys, 
lamps, polishing machines, etc. 


HEYCOS ARE MADE IN 11 SIZES 


for clock wire to S-10/3 cable 


OUAU 







MAKE SURE YOUR PRODUCT 
IS DOUBLY PROTECTED 
BY A HEYCO STRAIN RELIEF 





HEYMAN MANUFACTURING CO. 


KENILWORTH 3, N. J. 


HEYCO ELIMINATES STRAIN ON TERMINALS 











































MEE 


The explanation of the preference for zinc among all die casting 


metals is a simple one — zinc alloys provide the greatest number of 


desirable mechanical properties and casting characteristics at the lowest 






MEM 


ost. The specific advantages of zinc die castings have been empha- 
sized in our advertisements in these pages for the past year. If you 
missed them we will be glad to send the complete set to you 


We ve been telling You in priat. 





but there may be many questions on zinc die castings we have 


left unanswered. For that reason we will welcome the oppor- 





tunity to talk with you—in person—at the National Metal 
Exposition in Chicago. We will have many zinc die castings 
—and pressed powder parts—on hand, as well as many of 


the finished products in which they are used. 


You - You can see gor gourselg 





Visit with «a at 





Booth 2103 South Wing Hall “E” 
t T 

NATIONAL METAL EXPOSITION 

l- International Amphitheatre 

d 








Chicago October 23-27 


S, 


$ 


Sy 


T, "ALTERED Ne Late Saori ucdely used . . 
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FORMABILITY! 


rweC OFF CASTINGS Amt tasnuy Meum 
os merem oeo aTa asme 


pem cnn mem rant mm @ 


IEF 


FOR DIE CASTING ALLOYS 


=en o ae ee ene een ane Se Se aes € 


The New Jersey Zinc Company 
160 Front Street, New York 7, N. Y. 


mae € — € — MÀ 
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GIVE YOUR MACHINES New Parts and Materials continu 


CONTINUOUS PEAK PERFORMANCE |: °°" ose. 


savings in cost, size, and weight. 


WITH omputing levices the reduced tor 


permits the use of smaller motors 
T A Ld i C K C L U T C et E & The potentiometer can conform 
individual customer specifications, R 
sistance values between 50 and 20 
000 ohms are provided for 

A shaft seal gives protection agair 
dust; instruments are supplied wit 
ball, sapphire, or bronze bearing 
The circular resistance element 
wound with non-corrosive alloy wir 
severe service conditions may even 
demand platinum. Long life is pro 
vided by anti-fungicide treatment of 
insulating parts, and by plating o: 
anodic treatment of metal parts su 
ject to corrosion. 

Accuracies as high as 0.05 percent 
are available. Satisfactory operation 
under vibration at frequencies up to 
200 cycles per second have been dem 
onstrated in use. 

Approximately 14 in. long and 1} 
in. in diameter, the instrument weighs 
less than 1 oz, and can perform within 
the specified operating limits when 
subjected to accelerations of over 100 
G's. 

Electro-Mec Laboratory; 
225 Broadway, New York 7, N. 
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Fawick 26CB525 Clutch | Ti Are Explosion-Proof 


These explosion-proof transformers 
provide a safe means of obtaining 
continuously-adjustable a-c voltage in 
hazardous areas where a small arc or 
spark could cause an explosion. A 


Fawick Airflex design and construction provide Fawick- 
equipped machines with every factor for high-efficiency 
clutch performance and unparalleled low maintenance. variable transformer is totally enclosed 
Precision-built and engineered to each specific application, in a case which will withstand internal 
Fawick units eliminate the problem of "waste motion explosions. The case prevents the 
mechanical linkages and other outmoded devices. Fawick onda f th i , 1 
provides: ignition of the gas or vapor surround- 
; - ing the enclosure by ínter spark 
1. FULL POWER OPERATION through 360° radial friction contact 4 E d y ernal spark 
at tbe maximum diameter, tbus insuring greatest torque. "The. E E 
2. SHOCK-FREE PERFORMANCE because of operating torque being e transformers are Underwriters 
transmitted through the flexible rubber tube. 
3. REDUCED MAINTENANCE through elimination of clutch lubri- 
cation and adjustment for wear. 
These and many other operating features make Fawick Airflex 
Clutch or Brake Units your logical specification to assure 
continuous peak performance on your machines. 


For specific information on all advantages of Fawick 
Industrial Clutch and Brake Units, write to the 
Main Office, Cleveland, Ohio, for Bulletia 300. 


A CONTACT SED RADIAL CONTACT SHOCR ABSORPTION CON 


FANK CLUTCHES =.= +C ct O= PEAK EFFICIENCY 
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New Townsend 


Tufflok Nut Is Tougher 
Three Ways To Give 


You Tighter Grip, 


Greater Safety, With Economy 


You get a tighter grip, greater safety and econ- 
omy with the new Townsend I ufflok nut. It gives 
vou more service The exclusive Tuf- 
{lok design*, plus the materials in the insert and 
nut body combine to give you the toughest lock 
nut yet produced for any use where nuts must 
stay put under a variety of adverse conditions. 


Here are the New Exclusive Features of the 
Townsend Tufflok Nut: 


l. Tough heragon insert 


at less cost 


won't turn in its seat, 
gives vou positive grip on the bolt at all 
times. Specially treated insert resists mois- 
ture, oil and drying out Special inserts where 
special applications are required. 

Tough, one piece cold forged nut has exclusive 
petal design to assure positive insert staking. 
Tough threads cut in cold forged steel are 
stronger, spin on easier, resist galling, speed 
up application and also afford more reuse. 


THE TOUGHEST LOC 


*Licensed under The Nylok Corpor ation patents 


K NUT EVER 


Tufflok is a tr vdemark of 


and safety with econ 
get in the new Townsend Tufllok nut 
is made possible by the skill and experience 
gained by The Townsend Company as the oldest 
manufacturer of small cold formed fasteners n 
the United States This know-how combine d with 
the background of The Nylok Corporation 1 
producing millions of lock nuts gives you the ad 
of a reliable source for your lock nut 


The quality, efficiency, 
omy, you 


vantage 


requirements. 


The new Townsend Tufflok nut with exclusive 
hexagonal treated insert 
body is available in machine screw 5177 No. 4 
through *$ plated. This line 
will be increased in the near future. 


and special cold forged 


- 
. cadmium or zine 


For longer serv ice with greater s fety and ecot 
omy specify Townsend Tufllok Nuts Writ 
day for samples and complete information 


PRODUCED 


the Townsend Company 


Call or write today to: 


ownsend 


COMPANY — ESTABLISHED 1816 





New Brighton, Pa. 


`x Q 
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LY 


cones, or experimental designs, call Teiner. 


AJ 
For faster production of jet parts, TV 


, Capacity is immediately available for sheet metal 


working and spinning of all metals. 


Automatic machines for TV 

cones, power tools for spinnings up to 16 ft. 

and facilities for handling stainless steel and new 

Timken alloy can be applied to your fabrication needs. 
v baffiles, 


shapes, flanged or dished heads or special designs, send 
} = I g 


" 
For shrouds, reflectors, hemispheres, guards, 


conical, spherical or parabolic 


samples or drawings for prompt estimates. J 


— 


and money — Consult Teiner 


Save time 


ROLAND 


TEINER 


INCORPORATED 
Tel. EV 7-7800 


COMPANY, 
134 TREMONT ST., EVERETT 49, MASS. 


New Parts and Materials 
approved tor Class 1, Gro Í D se: 
Various types are available in 115 a 
230 v ratings, for single phase oj 
tion. The type shown is rated 115 
50/60 cycles, 1 phase input with 0-1 
v, 15 amp output 


Lhe Superior Electric ( 
Hannon Are., Bristol, < 


Circle No. 43 on Reader Service Card 


Lead Anchor 
Holds Machine Screw 


Machine screws anchoring cond 
switches, machinery, fixtures and 
tennae are held in masonary mater 
by a lead anchor. A hole is drilled 
in the masonry. The anchor is tl 


Mounting 
screw 


Cone 


driven into the hole, cone down. 1 
cone is an extension of a steel cor 
with a threaded hole in the cente 
the lead is a cylindrical jacket. 

With the anchor in the hole, 
setting tool pounds the lead jack 
down around the cone and into t 
crevices in the hole sides. A mount 
ing bolt screws into the hole in t 
core. 


Holub Industries Inc., 
Circle No. 44 on Reader Service Card 


Flange Housing Holds 
Tiny Ball Bearing 


Miniature ball bearings arc 
signed to facilitate mounting and 
sembly; punched sheet metal hous 
can be substituted for precisio 
chined castings. The bearing 
trated has a 3/32 in. bore, 5 
minor OD and 23/64 in. 
diameter. The outer raceway at 
are ground. 

Other sizes range from 0.‘ 
3/16 in. bore, from 3/16 to 5 
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Now Parts 
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Circle No 


Check ' 
In Stan 


There a 
seat and a 
valve. 1 
into any 
valve take: 
ball check: 

The val 


seat. Sir 
rotates, re. 
unusual cz 
a locking : 
simplify d 


Dur. 


Circle No 


Couplin 


Concave 
rubber in: 
The tende: 
r break is 
nufactu 
rts are « 


Nw. Parts and Materials continued 


). Retainer and full-race designs 
available. Dimensional tolerances 
ige from A ECI ( standard pre 
on ground bearings) to ABEC7 
ltra precision). Standard material 
high carbon chrome alloy steel; 
er metals are available as specials. 
[n small instruments and mecha- 
sms, the capacity of the bearing can 
designed to fit the actual load. 
‘riction torque, surface speeds, space 
nd weight requirements, centrifugal 
rces and moment of inertia are re- 
juced from the values for over-capac- 
ty bearings. 


Circle No. 45 on Reader Service Card 


Check Valves Install 
In Standard Fittings 


There are only three parts, plus a 
seat and a locking ring in this check 
valve. The assembled unit screws 
nto any standard pipe fitting. Onc 
valve takes the place of swing checks, 
ball checks and clapper checks. 

The valve member is lapped to the 


seat. Since the valve continually 
rotates, re-lapping is required only in 
unusual cases. For this contingency, 
a locking ring is employed in order to 
simplify disassembly. 


Durable Mfg. Co., 114 Liberty St 
New York 6, N. Y. 


Circle No. 46 on Reader Service Card 


Coupling Jaws Hold Insert 


Concave jaw surfaces hold synthetic 
tubber insert or spider in position 
The tendency of the rubber to extrude 
r break is decreased. Metal jaws are 

nufactured to close tolerances; in- 

rts are oil-resistant rubber. Avail 


> 


LUFKIN FOUNDRY & MACHINE CO., 
Please send copy of your Catalog G-1. 


COMPANY 


STREET 


LUFKIN, TEXAS 





" My Buddy" Tackle Box in Alligator-design Royalite, 
made by Stratton & Terstegge Co. 


Mikea 2 FUNCTIONAL, DECORATIVE THERMOPLASTIC 
THIS FAMOUS There is literally no end to the uses of U. S. Royalite, 


the thermoplastic that dozens of manufacturers use 


"MY BUDDY” for a wide variety of products. 
This remarkable material opens up new design 
TACKLE BOX IS | i 


possibilities, either in designing new products, or 
NOW MADE WITH improving your present products. 


U S CHECK ROYALITE'S ADVANTAGES: 
^ 4 


IT IS IT CAN BE IT IS AVAILABLE 


Tough Sawed—Sheared Stiff or Flexible 

Friendly to Touch Sanded—Punched Hard or Soft 

Quiet and Warm Nailed Coarse or Fine-Grained 
Relatively Light Bolted—Riveted Deep-Grained or Shallow 
Shatterproof Sewed Thick—'" to Thin-1/32" 
Stainproof Screwed Into Glossy or Dull 

Acid Resistant Cemented Decorated or Plain 
Excellent Dielectrically Buffed—Polished Bright or Somber Colors 


€ 


* Tote Box * Smith-Corona Typewriter Case * Television Mask * Home Freezer * Bowling Post for Brunswick- 
Breaker Strip Balke-Collender Co., Inc. 


SEE NEXT PAGE FOR LIST OF 
U.S. ROYALITE FABRICATORS ™ 


© UNITED STATES RUBBER COMPANY 


2638 NORTH PULASKI ROAD, CHICAGO 39, ILL. 
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Case, 


case cover, 





vent plugs, 


and retainer mats of this 100 


amp. hr., 
molded 


from 
styrene 8X. 
C & D Batteries, 


three-cell battery are 
Koppers Poly- 
Manufacturer: 
Inc., Con 









shohocken, Pa. Molder: Mack 
Molding Co., Inc., Arlington, 
Vermont. 
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OWER molding costs and a better product—you can 
_4 have them both when you take advantage of the 
improved moldability of Koppers Polystyrene. 

Fewer weld lines . . . improved strain pattern 
more uniform plasticizing of material in cylinder . . . 
faster cycles resulting from setting at higher tempera- 
tures ... more uniform cylinder feed . . . all are the re- 
sult of the excellent molding characteristics of Koppers 
Polysty rene, 


Improved moldability is only one of the unique prop- 
a Í 

erties of Koppers Polystyrene that have helped make 
many products better and many better products 


pos rible. 


You'll be interested in additional technical data on 
the molding characteristics of Koppers Polystvrenes. 
Koppers Technical Service Report Number 3 gives vou 
valuable information on the moldability of Koppers 
Polystyrene, based on actual field experience. Mail the 
coupon for your copy. 


Koppers 





KOPPERS COMPANY, INC. ~ 
Chemical Division Pittsburgh 19, Pa. KOPPERS 
Region! offices: New York, Boston, Philadelphia, Chicago, 


Detroit and Los Angeles 
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Plastics ~ 






POLYSTY RENE 


these advanta 






"DPER5 


16$ 
i 


all 























€ y oU 


/ 


cost "i 
ga weight — more pieces per pou 


Excellent dimensional stability 


ical properties ».304* F. 
Excellent Sion temperature range: 165-204 


Good chemical and moisture resistance 


Tasteless and odorless 
Unlimited color range 


Koppers Company, Inc 


Chemica! Division, Dept. P 

Pittsburgh 19, P 

Please send us your Technica! Service Report on “Mold 
of Koppers Polystyrene 

Nome Title 

Company 

Address 

City Stote 





Designing machines to embody standard com- 
ponents is naturally a cost-saving, time-saving 
factor . . . but of equal importance — a vital 
selling factor. 


In selecting speed reducers, like other acces- 
sories with moving parts, this is particularly 
true. Design engineers can not afford to lose 
sight of the user who, from the very begin- 
ning, likes to know that he won't be faced 
with the delays of custom fabrication, should 
replacements become necessary. 


This is one of the major reasons so many 
manufacturers build-in Winsmith Speed Re- 
ducers. They know that any speed reduction 
needs up to 85 H.P. can be met at savings 
with a fully standardized unit. Looking out 
for their customers, they know that when parts 
may be required, they'll always -be available 

. on short notice . . . out of stock . . . and 
like complete units, will slip into position as 
easily as a nut or bolt, with no alignment 
problems. 


Thus, alongside famous names in bearings, 
motors and other accessories listed in machin- 
ery manufacturers’ catalogs, it is common to 
find Winsmith Speed Reducers. Such products 
improve performance. Such names help to 
sell. 


Yes, to save in manufacturing costs . . . to 
help sell more machines . . . Winsmith Speed 
Reducers belong in the original package. Win 
smith's power transmission engineer in your 
territory welcomes the opportunity to tell you 
why ... more specifically. 


c 
c\ 


WINFIELD H. SMITH CORP, 


111 EATON ST., SPRINGVILLE 
(Erie County), N. Y. 


OUR 
READERS 


SAY 


The Crank and Slot Drive 
To the Editor: 


In the article “Kinematics of the 
Crank and Slot Drive" by Mr. S. Rap 
paport, printed in the July issue of 
PRODUCT ENGINEERING, the mecha 
nism is presented in a way which does 
not give it sufficient advantages over 
elliptical gearing—except the cost. 

The crank is described as a driver 
and the "slot" is driven. In this casc. 
maximum acceleration changes rapidly 
into maximum deceleration if m is 
high or when the ratio of maximum 
velocity over minimum velocity is suf 
ficiently high. Rapid variation of 
acceleration means rapid variation of 
inertia forces. This condition causes 
higher stresses in the driven mecha 
nism and, consequently, vibrations. In 
addition, near the moment of highest 
velocity, the driven member has a 
very small leverage, which increases 
the force acting on the crank pin. 

The proper solution for this drive 
is to reverse the driving and the 
driven members; that is: the slot 
should be the driver and the crank 
should be driven. In this case, the 
equation for displacement, velocity and 
acceleration becomes more complicated 
but the variation of acceleration is 
more favorable and it can be used for 
a greater velocity ratio. 

C. N. NEKLUTIN 

Ferguson Machine & Tool Compan) 


Ed—-Author Rappaport’s rebuttal fol 
lows: ‘Mr. Neklutin’s comment an 
swers itself in his last sentence 

elliptical gears, which have the 
same unpleasant characteristics as the 
arrangement of cranks described in 
the article.’ 

The subtitle of my article is: “A 
low-cost substitute for elliptical gea: 
ing. It is also pointed out in the 
article how closely the equations o! 
motion of the crank and slot driv 
resemble those of the elliptical drive 

"Interchanging of driver and driven 
member, as Mr. Neklutin suggests 
would first convert the displacement 
equation—Eq. (1) in the article 
into its inverse function, changin 
velocity and acceleration equatiot 
accordingly; and, as Mr. Neklut 
rightly observes, their characterist: 
differ greatly from the elliptical dris 
Hence this motion could not bc «o 
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===> WESTERN 
UNION 


Op marema ae 


WILL YOU NEED TO 3 
SEND A WIRE : DE Oa 
LIKE THIS? 


CHI CAGO 39 ILL. 


URGENTLY NEEO FOR NEW TEST MODELS 3 CATALOG NUMBER F469 -- 


750 WATTS 230 VOLT UNITS WITH SPECIAL A DIMENSION OF NINE AND 


eee CC LL LE 


ONE HALF INCHES. ALSO ONE F444 MEATER 2500 WATTS 230 WOLTS. 


WHEN CAN YOU SHIP? 


CHIEF ENGINEER 
COMPANY 


HN 


UNION 


"WP MARSHALL. reser 





a a à ————— ee 


AVAL MUG. COMPANY 


tre) ot ee ee tee 


m LIKE TO GET 
SHIPPING F469 UNIT TOOAY SPECIAL UNIT FRIDAY. PLEASE ADVISE AN ANSWER 


If WE CAN BE OF FURTHER ASSISTANCE. 


LIKE THIS? 


^" 


A TALE or personalized SERVICE 


.. TOLD IN TWO TELEGRAMS! - ML arom att rg 


complete information on 


TK Heating Units in easy- 
This “problem” was an easy one. Yet to the engineer, it was im- to-use, specification sheet 


portant; a telegraphic SOS. He wanted fast action—he got what i { M form. Whether you design, 
he ordered ! 1 specify, maintain or use heat- 
Manufacturing only electrical heating elements and controls, DEL E m: A 
E d 1 eiptu ) have 1 ata 
we at Tuttle & Kift concentrate all our research, all our efforts a ha inei dps w end Z 
upon building better electrical units, supplying specialized engi- your free copy today 
neering assistance and giving better, more personalized service. 
If you have an application requiring engineered heat, whether 
it be for the heating of space, liquids, ovens or solids, TK skill, 
experience and facilities can help. We'll meet your product 


specifications . . . make deliveries to fit vour production schedules. 
Let us show you what we mean. 


TUTTLE & KIFT, INC. uoi oro oon comen 


MONOTUBE SURFACE UNITS » OVEN UNITS » TK INFINITE CONTROL * SWITCHES & SELECTORS « WATER HEATER UNITS « FLATIRON UNITS + INDUSTRIAL UNITS 


- 


- 


Propucr ENGINEERING — OcronrER. 1950 





Our Readers Say continue: 


sidered an equivalent to the ellipt 
drive. As the curves show, crank and 
slot as well as ellipses have a short 
time velocity peak, a feature which 
pleasant or not, is sometimes neces 
sary (whip-action of cross cut knife 
or intermittent tobacco conveyor 

certain types of cigarette machines, 

name two examples). If the “slot 
is the driver, the peak velocity of th 
output shaft is spread over a longc 


BUL li part of the cycle. 
l S-EVE "The crank- and slot-drive can 
FOR 


put to two different uses: either 
duplicate elliptical gearing (whic! 

PERFORMANCE was the purpose of the article) or, by 
interchanging input and output shaft 
to achieve a modified motion." 


Epicyclic Gear. Problem 


Io the Editor: 

We would like some information on 
how to select the proper gears to ob- 
tain a given ratio when using a simple 
epicyclic gear train. 

The formula 
X 
B 
gives the rotation of the follower or 
driven member per revolution of 
driver; and R (final ratio) equals ove 
divided by F. It is simple enough to 
get the final ratio when the gear sizes 
are known, but the difficulty lies in 
the proper selection of gears to get 
specified ratio. 

We would appreciate any assistance 
you can give us. 

-WALTER L. VANDAM 
Atlas Press Compan) 


> G 
Pays 


with Ed—As the equation above stands 
there are two variables, x and y. This 


$3 © E E D p AC E WAY relation can be solved more readily if 
| one of these variables is eliminated 


by substituting, for example, the equa 

You are not buying bearings, you are buying performance ... tion x equals (y+ c) — b. In this 

bearing life, load capacity, quietness. In performance way the solution of y can be found 
Hoover, America’s only ball bearing with honed raceways, more readily. 

gives you the most for your money. When you specify : This problem can be solved graph 

n ically. Assuming these are fixed cen 

ters and the final ratio is known, it is 

possible to determine the pitch diam 

eters of all four gears. Referring to 


American manufacturers of quality machines and equipment the sketch. the procedure is as follows 
are finding that their bearing dollars buy more 


and buy Hoover Ball Bearings you buy unbelievable 
quietness plus 90 per cent longer life, 30 per cent 


greater load capacity. A growing list of distinguished 


(1) Lay out the centers. 
(2) Draw two angles which cor 
Engineering and purchasing execu- respond to the angular velocities of 
tives are invited to write for tbe the driver and driven members, o 
Hoover Engineering Manual. 
and Wp: 

(3) Choose a diameter of gear . 

d | which is fixed. This locates r the 
i instantaneous center. 

HOOVER BALL and BEARING co. | (4) Draw line rs. 


Ann Arbor, Michigan y y (5) The intersection of rs and the 
angular velocity line of the driven 


value when they select Hoover. 
THE ARISTOCRAT 


Á 
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“Ge anne” 


Balcrank, Inc. had a three-fold sealing problem with the new “‘Jet-Power” pump used 
for air-operated lubricating equipment. It required a seal capable of withstanding up 
to 190 psi air ... moisture varying with humidity conditions .. 


. and continual 
friction under high-speed operation. 


A severe life cycle test was devised by Balcrank to find a replacement for the 
unreliable leather seals previously used. During a period of 241 hours and 25 minutes, 
the pump’s air piston made 4,892,900 strokes . . . without benefit of a water trap in 
the air line or use of the automatic oiler. Conditions were made extra tough! LINEAR '*'O" 
Rings were used during the test . . . were still sealing perfectly at the end of the run 
and upon examination showed little or no wear! That was conclusive proof of the 
superiority of LiNEAR ''O" Rings for even the most difficult sealing jobs. 


LINEAR “O” Rings are compounded of natural or synthetic rubber, fluorethylene 
polymers, and silastics ... are available in a complete range of J.1.C. and A.N. 
standard sizes, as well as hundreds of non-standard sizes for special uses. For specific 
help with your sealing problem ... CALL LINEAR. 


adl dE D o c XL x 3 X 4" E Su uas 5 PACK 


LINEAR, 


LINEA 
inc., STATE ROAD & LEVICK STREET, PHILADELPHIA 35, 
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d Our Readers Say continued 
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have 
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l acro 
rapidly duplicated with did | 
tnere 
cpt! HYDRA-POWER BENDER | ~~ i 


At last—a PRODUCTION BENDER that It 
"BENDS THEM ALL" — tubing — angle - used 
channel—extrusions—moulding—strip stock = shou 
bus bars—and of course, all types of solid ma- { been 
terials. U-Bolts and Eye-Bolts are just two ex- 
amples of the shapes that can be rapidly pro- 
duced in one operation with this hydraulic 
power bender. 

The DI-ACRO HYDRA-POWER BENDER 
can be easily set up in your own plant for a Elec 
zreat variety of forming operations, or it can i ine PET 

he delivered completely tooled for speedy pro- determines poin Coa! 
duction of a specialized part. Investigate this (6) Projecting a horizontal li 
universal machine before you buy any “single m p to the center line determines 
purpose” bender. the pitch. diameters of gears x and / W 


7) Instead of Step 3. thc pitch tiona 


See DI-ACRO Exhibit, Booth 1603 — M E nm 


chosen and the line rs used to find poun 
National Metal Exposition, Chicago, October 23-27 the instant center lic M 
unde 
W 


mm ONnEIL- a mFb.Ct0. s | Refrigerant Switchover carbo 


3 À i , as an 
35 pue 316 8th Avenue, Lake City, Minnesota ’ lo the Editor: sean 


S I enjoyed reading the Highlights : heatir 
n AA t section in the June 1950 issue of a wir 


Fe At 
Y D F PRODUCT ENGINEERING. The item board 
We bi E g L | concerning the advantages of adding We 


P Ld 
Le 
difluoroethane to Freon 12 in com that 


the 1 


To t 


or write for 40-page Catalog 


pressor systems was of particular in alumi 


Designed to do the Job «> °° "A: 


w 2 l The first question that comes to my great! 
heels and Axles are our business, and our | mind is whether or not this com 


engineers are well qualified to recommend the most pounded refrigerant is toxic or has an 


efficient assembly for your produćt. objectionable odor 
bå The second question concerns the 


Ed— 


Our factory is modern and tooled for low 3 changes required, if any, such as com Pront 
cost production. We have supplied manufacturers in | pressor modifications and replacement way, 


many different industries for more than 50 years. of pressure controls the g 
j : 30D t 

Standard or Special, ELECTRIC Spoke-type uL E Pittsf 

or Disc Wheels are built for most types of portable . "M pes a nated 


equipment. : ‘2 Ed--This refrigerant was developed 1281€ 
at the Carrier Corporation by Dr. W Th 


onu eu mcis dddiidloah. ; A. Pennington and his associates in pany, 
| their Research Department. Dr. Pen Penns 


Send us your specifications and we will 


nington's answers to the above ques Nesa 
tion. follow: condu 
"The new refrigerant that we have sibly 
developed is an zaeotropic (constan obtain 
boiling) mixture of unsymmetrical Also, 
| difluorocthane and Freon-12. It Labor 
should not be regarded as Freon-12 have | 
plus an additive. als th. 

| “We have named this non-flam electri 
| mable mixture Carrene-7. It boils at bility 
32 F and contains 26.2 percent by the N 
weight of difluoroethane. page : 


ELECTRIC WHEEL C0., 2910 Pine, Quincy, TR |. To answer your two questions: (1) Electri 


Carrene-7 is not toxic and has no ob- Canyo 


Califo 
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Our Readers Say continued 


jectionable odor; (2) the same tubing, 
ontrols and compressor used with 
Freon-12 can be used with Carrene-7 
It will be necessary for the motor to 
have sufficient capacity to take care ot 
the 18 percent increase in load 

Difluoroethane itself is flammable: 
therefore, we discourage additions ot 
this compound to Freon-12 in the 
field. 


If the refrigerant Carrene-7 is 
used in a refrigeration system, it 
should be charged as such having 


been made to its exact composition by 
the manufacturer.” 


Electrically Conductive 
Coating 
To the Editor: 

Would be pleased to receive addi- 
tional information on the resin cement 
as well as silicone-glass molding com- 
pound as announced in the Nonmetal- 
lic Materials section of the May issue 
under "Highlights". 

We are also very much interested 
in getting information on a paint or 
carbon material which can be applied 
as an electrical heating element. We 
manufacture a baseboard electrical 
heating system and have been using 
a wire element which we attach to the 
board. 

We now wish to use an element 
that can be applied directly to the 
aluminum board. 

Any help you can give us will be 
greatly appreciated. 

—G. A. MOORE 
Moore Equipment Company 


Ed—The resin cement is a product of 
Pronto Seal, Incorporated, 1133 Broad- 
way, New York 10, New York; and 
the glass is made by the General Elec- 
tric Company, Chemical Department, 
Pittsfield, Massachusetts. GE has desig- 
nated this material by the number 
12810. 

The Pittsburgh Plate Glass Com- 
pany, 2222 Grant Building, Pittsburgh, 
Pennsylvania makes a product called 
Nesa Glass which has an electrically 
conducting film on the surface. Pos- 
sibly this surface material can be 
obtained and used in your application 
Also, engineers at the Naval Ordnance 
Laboratory in Silver Spring, Maryland 
have been experimenting with materi- 
als that they call Markites, which are 
electrically conductive. A third possi- 
bility is the “Hot Paint” mentioned in 
the Nonmetallic Materials section on 
page 3 of this issue. The maker is the 
Electrofilm Corporation, 7116 Laurel 
Canyon Boulevard, North Hollywood, 
California. 
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At MICHIGAN we've nevei 
admitted there are such words 
as, “it can't be done!" That's 
why we've convinced thou- 
sands of manufacturers that 
MICHIGAN TUBING is an ideal, 
cost-saving product compo- 
nent. No matter what you 
manufacture, let us prove that 
the use of MICHIGAN TUBING 
can give you a better product 
and save you money. 


A Quality Product, 


can be worked in your plant or | 











vi" Case be Bent, 


FLANGED, EXPANDED, TAPERED, 
DEPRESS BEADED, EXPAND 
BEADED, ROLLED, EXTERNAL UP- 
SET, INTERNAL UPSET, SPUN 
CLOSED, FORGED, BEVEL 
FLANGED, FLATTENED, SWAGED, 

e ^. FLUTED. 


‘ | 
~ Wu, "Consul! us for engineering and 


technical help in the selection of | 
tubing best svited to your needs. 


prefabricated by MICHIGAN. | 


n » 


EID TP. p. 


, dMhvoktegan : STEEL TUBE ^oc; co 


CS g 33 Years in the Buriness 
AMI M 9450 BUFFALO STREET + DETROIT 12, MICHIGAN 


FACTORIES: DETROIT, MICHIGAN + SHELBY, OHIO 


DISTRIBUTORS: Steel Sales Corp., Detroit, Chicago, St. Louis, Milwaukee, Indianapolis 
and Minneapolis—Miller Steel Co.. inc.. Hillside, N. J.—C. L. Hyland, Dayton, Ohio— 
Dirks & Company, Portland. Oregon—James J. Shannon, Milton, Mass —Service Steel 
Co.. Los Angeles, Calif.—American Tubular & Steel Products Co., Pittsburgh, Pa — 
Strong. Carlisle & Hammond Co., Cleveland, Ohio—4A. J. Fitzgibbons Co., Buffalo, N. Y. 































































SUPER ACE GRADE—one of the many formulas of Ace Hard 


Rubber available for molded and extruded machine parts, has a tensile 






strength exceeding that of most plastics, and high impact strength, too! 






Even more important than strength is the durability of hard rubber—its 





unusual toughness, high abrasion-resistance, excellent resistance to water, 





acids, alkalies, etc. Only glass-bonded mica has lower moisture absorption. 





For instance: the accuracy of water meters depends on strength, long-life, 





and stability of the hard rubber parts—expected to last 10—even 20— 





years under water. Here fatigue resistance is vital, as the parts may go 





through 50,000,000 or more cycles in a lifetime. 





With many different Ace Hard Rubber molding compounds, sheets, rods 





and tubes to choose from—also other Ace plastics such as Ace-Tex, Parian, 





Saran—you can select just the right combination of technical properties. 





And with our complete molding, extruding and fabricating facilities 





(among the world’s largest) at your service, your job 


will be done the best way, the quickest. [ea 

















| Always check your Ace Handbook, pgs. 4 and 5, when 
selecting molding materials. If you haven't a copy of this =, 2 
valuable 60-pg. manual, write today—it’s free. n 






HARD RUBBER ond PLASTICS 


MERICAN HARD RUBBER COMPANY 


N. Y. 







11 MERCER STREET © NEW YORK 13, 
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NEW BOOKS 


Mechanics—A Textbook 
For Engineers 


JAMES E. Boyp and Percy W. On 
former and present Professor 
Mechanics, respeciivels The Oj 
State University. Third Edition. 4 
page 6x 9D Published by 


McGraw-Hill Book ¢ 330 W. 42 
$/., New York 18, N. Y. $4.50 








Throughout this third edition 
this textbook for engineers, as 
former editions, in the presentatio 
of subject matter a consistent en 
phasis is given to the application of 
the principles of mechanics to 
analysis and solution of engineering 


problems, rather than on rigorous 


mathematical proofs and derivations of 
basic formulas 

To enlarge the scope of the book 
and to improve the presentation, muc] 
of the material appearing in the earlier 
editions has been rewritten. The 


former chapter on Application of 


Forces has been extended by the add 


tion of a full chapter on Machines 


and Friction. A new chapter on tl 
Method of Work has been added 


the new edition. The chapter or 


Graphical Methods has been enlarged 


by the inclusion of problems that ar 
more advanced. A simple method . 
computing moments in space by dete: 
minants has been introduced in 


discussion devoted to the treatment of 


forces in space. 


In addition to retaining many of the 
former exercise problems, numerous 
new problems are scattered throughout 


the text. These latter problems àl 


generally more difficult of solutio! 


than are the original ones. To furth: 


supplement; the subject matter, many 


new illustrations have been added 


Proceedings, 
Sixth Annual Meeting, 
Metal Powder Association 


92 pages, 9x 6 in. Published by Me 
Powder Association, 420 Lexinegt 


Ave., New York 17, N. Y. $2.50 


A new type of stainless steel jx 
der, application of iron powder 
radio and television circuits and 
market outlook for metal powders 
among the subjects covered. Ot 
papers, all presented by authorities 
the field and included in the Proce 
ings, deal with cost accounting 
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If you are having 
trouble with tube fit- 
tings due to the 
destructive elements 
mentioned above, why 
not use Imperial Flex 
Fittings as does the 
manufacturer of the 
engine in this engine- 
generator set. Flex 
Fittings are used as 
standard equipment on trucks, tractors, diesel engines, oil 
filter connections, heavy power equipment, machinery, etc- 


See Your Industrial Supply House 
Ask for Catalog No. 344-C. 
Comparative Vibration Test 


HUMBER OF VIBRATIONS IN CYCLES 


ee 300006 ' sae s00 20,000,000 


Pere Fitting felled after 72,450 cycles 
Compression Fitting foiled after 79,250 cycles 


Hi-Dety Fitting foiled after 401,925 cycies 


FLEX FITTING showod no signs of failure after .. . $21,424,500 cycles 


IMPERIAL 
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IMPERIAL 
FLEX FITTINGS 


Make Tube Fitting Failures 
Unnecessary... 


They make up into safer joints that 
stand up under the most severe 
operating conditions of 


MAJOR MINOR 
VIBRATION SHOCK TUBE MOVEMENT 


«ER & 


ry t ` A nn o CJ 
Cg) EN y y 
v BC Y v" Ies 
T NSN V m C 
-2S X / m lv 


Flex Fittings Make Joints Virtually 
Indestructible by Vibration. .. On tests 


where ordinary fittings failed after 73,000 cycles of 
vibration, Imperial Flex Fittings have withstood over 
2,000,000 cycles without failure as indicated in the 
chart at left. 


This Elastic Sleeve in Flex Fittings 
Absorbs Vibration and Shock .. . per 


mits tubing to flex 
back and forth 
through the angle 
shown . . . at the 
| same time assures 
a positive, pres. 
sure-tight seal. 
Easy to Install... Ali that is necessary is to 
slip nut and Flex sleeve over tubing. Then insert tub- 
ing into body as far as it will go and tighten nut to 
shoulder on body. No guesswork on how far nut should 
be screwed down. On sizes larger than !5" O.D. and 
where higher pressures are involved, end of tubing 
should be belled slightly. 


Flex Fittings Can Be Used with All Kinds 
of Tubing ... Proved by Extensive Use. 


THE IMPERIAL BRASS MFG. CO. 


51S South Racine Avenue, Chicago 7, Illinois 


Pioneers in Tube Fittings and Tube Working Tools 
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LEADING MANUFACTURER 


MACHINE TOOL 
Monarch *‘Lathe’’ 


$ 


UTILIZE 


THE BIJUR SYSTEM 


over 100 bearings lubricated... automatically 


All 109 bearings of this machine 
must be oiled at once during opera- 
tion to maintain continuous produc- 
tion. The Bijur system does the job 
by connecting all bearings to one 
lubricator, driven by the machine. 
No sign of a system is seen outside 
the machine as it is completely 
built in at time of manufacture. 
This makes for a compact internal 


Biyur 


LUBRICATIN 


LONG ISLAND €! 


CORPORATION 


T 


Y 


design and a clean-lined exterior. 


All bearings are oiled at once, yet 
each one receives individual atten- 
tion from Bijur, the system with 
positive Meter-Unit con- 

trol of oil flow at the 

bearings. 


For further details write 
for “The ABC-of Mod- 


ern Lubrication.” 


The correct 
] oil film 
DIT 
Theory 


bearing... 


1 ' 
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New Books . .comtinuc 
powder metallurgy, thermochemi 
coated metal powders, metal powd 
parts as friction material and oth 
topics of interest to the executive 
well as the engineer. 

The Proceedings contain all tl 
formal papers with discussions and tl 
transcript of an interesting inform 
discussion on powder metallurgy. Th 
cover the two-day meeting sponsor: 
by the Metal Powder Association fo: 
the metal powder industry and held 
in Detroit in April, 1950. Titles of 
papers and authors are: "Thermochem 
ical Coated Metal Powders", J. 1 
Drapeau, Jr., Metals Refining Co 
Cost Accounting with Reference t 
Powder Metallurgy Products", A. | 
Langhammer, Amplex Manufacturine 
Co.; "Application of Iron Powder i: 
Radio and Television Circuits”, F. W 
Edwards, Standard Coil Products Co 
Inc.; "A New Type of Stainless Pow 
der”, G. Stern, American Electro Metal 
Corp.; “The Use of Metal Powder 
Parts as Friction Material”, L. P 
Kane, S. K. Wellman Co. and "Meta 
Powders in a Competitive Market 
John Sasso, Business Week Magazinc 


Recommended Practices 
For Resistance Welding 


Prepared by AWS Resistance W eldin; 
Committee. 58 pages, 9 x 6 in. Pub- 
lished by American Welding Societ) 
33 W. 39th St, New York 18 
N. Y. $1. 


The data contained have been com 
piled by the AWS Resistance Welding 
Committee, through its respective sul 
committees, by canvassing users oí 
the resistance welding processes and 
correlating the data thus obtained. The 
resulting welding schedules shown in 
the tables were circulated for con 
ments and, in addition, tests were 


| conducted to ascertain that welds of 


the - m strengths could be ob 


| tained. 


The 41-man committee, drawn fro: 
companies and government agencic 
representing every phase of manufa 
turing, fabrication and application o! 
resistance welding has put forth re 
ommended practices for spot and sea: 
welding, for projection welding and 
flash welding. Standard testing pr 
cedures are also covered. Dimensions 
spacing, current, design strengths, ek 
trodes, and materials are included | 
each set of recommendations. 

It is important to recognize 
these recommendations are not p: 
sented as the only possible conditio: 


| for welding the materials and thi: 


nesses shown; they are rather offe: 
as a guide for setting up welding sch 
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Sales Appeal Greatly Increased, 


PRODUCT DESIGN STUDIES * NO. 22 





Cost Cut 20%...with STEEL CASTINGS 


Because of the great improvement in appearance, 
cut in costs, and increase in durability gained 
through the use of a foundry engineered steel casting 
for one part, the manufacturer of this car trailer 
attachment turned to the steel foundry for assistance 
in redesigning the entire assembly. 


The photographs above tell only part of the story 
of the advantages obtained by conversion of all four 
fabricated parts. For example, tests of the rear yoke 
steel casting (crotched part at right of center) showed 
no deformation up to 8,000 Ibs. load. Fabrication of 
same part tested in an identical manner started to 
bend at 1,500 Ibs. and was not usable for further 
tests because of permanent deformation. 


Bonus benefits resulting from the use of steel cast- 
ings were a 20% reduction in costs and 5% cut in 





STEEL FOUNDERS’ 


920 Midland Building 
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weight. (A 75°) savings in machining of steel 
castings more than offset their slightly higher 
unfinished costs.) 
* * * 

Here is another example of the engineering team- 
work in design and redesign of parts which is 
resulting in lower costs and greater serviceability 
with steel castings. 


Two Important Announcements . . 


Award Program — 15 substantial cosh awards for papers 
on new and redesigned steel castings and conversions. 
Write for full information. 


Steel Castings Handbook — 1950 edition; completely re- 
vised. 520 pages; 440 illustrations; 120 tables; durable 
binding. Price $4.00 per copy. 





SOCIETY OF AMERICA 


Cleveland 15, Ohio 

























Let Strom Help You 


Not only in precision ball bearings, but 
n countless other places, Strom has 
that ball 


Maybe your problem can 


ound the right will do the 
job better. 
ve solved with the use of the proper 
all. Why not take it up with Strom. 


Strom has been making precision 


balls 


industry and can be a big help to you 


metal for over 25 years for all 
in selecting the right ball for any of 
your requirements. In size and spher- 
ical accuracy, perfection of surface, 
uniformity and dependable physical 


quality, there's not a better ball made. 


STEEL BALL CO. 


1850 So. 54th 


Largest Independent and Exc! 


* SPEEDY SERVICE 


LJ 
a 


y 


MA 


Ave., Cicero 50, Illinois 


isive Metai 6a Vianutact e 


SPROCKETS 


y If your product will permit a standard 
pitch, look it up in the Sewall Catalog of 


Stock Sprockets. Or let us send you an esti- 


* COMPLETE LINE y mate on your special design. True running, 


durable gears and sprockets all add up to 


* PRECISION BUILT / y over-all quality in Sewall products. 


CUSTOM-BUILT GEARS for every requirement 


$9. SEWALL MANUFACTURING CO. B 


696 Glendale St. * St. Paul 4, Minn. 


, Send for FREE 
Sprocket CATALOG 


g 


or Phone Us at 
NEstor 1381 


New Books continued 
iles to be followed in any particular 
fabrication, modified according to the 
specific fabricating conditions and pro 
luction requirements involved 

The edition represents an 
extension of the data originally 
sented in the 1946 edition to 
information for 
and additional 
have 


present 
pre- 
include 
materials 
thicknesses All of 
the tables been rearranged to 
make them readily useful 
both shop and engineering depart 
ment. Information of interest to the 
shop has been grouped at the left side 
of the tables: 


some new 


more for 


information needed by 
the designer has been grouped at the 
right side of the tables. The Com 
mittee is activities to 
provide data for additional materials 
These recommendations will be re 
vised as such new information be 
comes available. 

The text has been kept as brief as 
possible and all extraneous comment 
has been omitted. For more detailed 
information on the equipment used, 
the techniques for different materials 
and joint design for resistance weld 
ing, the Welding Handbook, Third 
Edition can be consulted. 

The committee has prepared these 
Recommended Practices in the hope 
that they will serve as an incentive for 
industry to develop methods and pro- 
cedures improving upon the practices 
presented, which will permit the rais 
ing of quality and 
standards. 


continuing 


t 
Its 


performance 


Engineering Economy 


H. G. THUESEN, Registered 
sional Engineer, Oklahoma 
tural and Mechanical College 
pages, 6 x 81 in. Published by Prentice 
Hall, Inc.. 70 Fifth Ave., New Y 
N. Y. $6.65. 


Pr: fé 


501 


VR 


means 
of obtaining desired results with econ- 
omy. The engineer's approach to thc 
solution of problems has been so suc- 
cessful that his field of activity has 
broadened to the extent that his suc- 
cess now depends as much upon his 
ability to cope with economic aspects 
as with physical aspects of situations 

Throughout this book the fact is 
stressed that the purpose of engineer- 
ing economy is to arrive at decisions 
of what action to take in the present 
that will prove fruitful in the future 
The subject is presented as an aid to 
judgment, analyses being directed to 
evaluating the future economic effect 
of factors individually and in com 
bination. 

Young engineers tend to disregard 
economic and are often ap 


Engineering is essentially a 


factors 
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erfect fo purpose... 


PACKARD | 


fractional horsepower | | 


MOTORS 


Packard motors are the answer to vour 
fractional horsepower motor require- 
ments. Their recognized dependability 
and efficiency, plus rugged design and out- 
standing uniform quality will increase the 
prestige and trade acceptance of your 
products. 


Packard motors are mass-produced by 
specialists who have built fractional 
horsepower motors exclusively for the past 
33 years. Today our enlarged plant facili- 
ties and all of our engineering and manu- 
facturing experience continue to be con- 
centrated in this single field. 

Profit now from this singleness of purpose. 
Remember, for superior performance, for 
quick service and complete satisfaction, 
specifv Packard motors . . . the perfect 
answer to your fractional horsepower 
needs, 


GM 


GENERAL 
MOTORS 


» i 
SAC ha zd. 


Packard Electric Division, General Motors Corporation, 
Warren, Ohio 


DEPENDABLE APPLIANCE MOTORS 
FOR THIRTY-THREE YEARS 
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for the finest in 


STAINLESS 


STEEL 
FASTENERS 


MADE RIGHT — 


By specialists in stainless steel 
since 1929. 


PRICED RIGHT — 


Because ALLMETAL uses mod- 
ern equipment—including cold- 
heading machines—devoted 
solely to stainless. 


RIGHT COMBINATION 


For solving fastening problems 
quickly, economically. 


Allmetal has the fasteners you 
want. Stock items, including 
Government and "AN" specs, 
shipped immediately. Prompt 
delivery on various types of 
Phillips Recessed Head screws 
and specials. Switch to All- 
metal Stainless Fasteners when 
you switch to Stainless! 


Use our "Rush Order" 
direct wire service — Send 
telegrams to “Allmetal 
Screw Products — WUX — 
New York.” — that’s all — 


WRITE FOR CATALOG 49F 
us, MANUFACTURERS SINCE 1929 

















, 
^ 
se €. 


33 GREENE STREET. NEW YORK 13.N-Y. 
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coniinue 
palica at the nc SSITY tor Mant 


t ry | riv» me > } ] t 
Must in large measure be placed upo 


estimates and judgments. To be mos 


ICcisi0ns iD situations where relian 
1 


successful, they must learn to mal 
sound use of both. 

Much emphasis is given in th 
book to the fact that the forerunne 
of engineering application is econ 
omic feasibility. The engineer who 
aspires to a creative rather than 
responsive role will find proficiency 
in economic analyses a necessity. A 
similar proficiency is of paramount 
importance to the increasingly larg 
number of engineers who eventuall; 
become engaged in the activities of 
management. This trend in employ 
ment is recognized by a quantitative 
economic approach to some aspects of 
management in Chapter 17, Econom 
and Utilization of Personnel. 

The fact that the engineer mus: 
satisfy human wants as they are rathe: 
than as the engineer may wish then 
to be is discussed at some length. In 
general, this book aims at the exten 
sion of quantitative thinking to situa 
tions embracing engineering and econ 
omic factors. Numerous approaches 
and methods of analyses are presented 
most of which are illustrated by con 
crete examples. Methods and con 
cepts are in many cases further illus 
trated in graphic form. 


Primary Batteries 


GeorGE Woop VINAL, Sc. D., Ph; 
icist, National Bureau of Standard 
336 pages, 6x9 zn. Published b) 
John Wiley & Sons, Inc., 440 Fourt 
Ave., New York 16, N. Y. $5. 


Not since 1915 has one book so 
thoroughly covered primary batteries 
This specialized treatment offers 
wide range of information—history 
theory, materials, chemical reactions 
manufacture and operating character 
istics. 

Much recent data are included which 
have been derived from the use of 
new research tools such as the electron 
microscope, x-ray spectrograph, mass 
spectrograph and the petrographic 
microscope. “These have been ap 
plied,” says Mr. Vinal, "to study th: 
crystal structures of the solid phases 
resulting from discharge and the gases 
liberated during periods of storage." 

Covered for the first time in thei: 
modern forms in any book are severa! 
new types of pM] batteries 
Included are batteries for operatio: 
at low temperatures, for giving larg: 
currents, for producing more energy 
per unit of weight and those whic! 
remain inactive until required for us: 
Practical, detailed material is presente 
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Century 'A horsepower gear 
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motor driving a conveyor 
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for Your High Torque 
Slow Speed Requirements 


. line of gear motors has gained 
an enviable reputation, created by their suc- 
cessful performance on thousands of industrial 
machines. They are built to supply the right 
power at the right speed. 


Century Gear Motors are engineered to main- 
tain the high torque slow speed shaft in rigid 
alignment. The gear housing and mounting feet 
are cast in one piece to provide extra strength 
and rigidity. In addition, the slow 
speed shaft is located near the base 
for greater strength and rigidity. 
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The motor is equipped with ball bearings and 
the shaft with tapered roller bearing. 


Century Gear Motors are available in sizes 
from '4 to 1% horsepower — single phase, 
polyphase and direct current. 


Specify Century Gear Motors for all your slow 
speed power requirements. 


CENTURY ELECTRIC COMPANY 
1806 Pine St., St. Louis 3, Missouri 


Offices and Stock Points in Principal Cities 


Century 2 horsepower gear 
motor operating a door opener 













Zac NICKELOID 


SHORTEST DISTANCE cexween 


RAW MATERIAL AND FINISHED PRODUCT 


Nickeloid Pre-finished Metals eliminate many costly operations — clean- 
ing, plating, polishing and in addition provide lustrous new beauty. 
You simply fabricate. then assemble! And those two steps take you to 
lower production costs, plus greater product beauty. 


Nickeloid Pre-finished Metals are available in sheets or coils. in wide range 
of gauges, and tempers, plated one or two sides, bright or satin finishes of 
Chromium, Nickel, Brass or Copper, plated to base metals such as Steel, 
Zinc, Brass, Copper or Aluminum. 


Write for new "Flow-Chart" 
showing how Nickeloid Pre-finished Met- 
als. eliminate costly production opera- 


tions. 


Established 1898 
METALS AMERICAN 


NICKEL- CHROMIUM - BRASS - COPPER N i C K E LO 1 D 


Electro - plated 1O ALL COMMON Base METALS 


©, ALSO LACQUERED COLORS S C OMPA NY 
Oe sS 


S$ 
7 anp tancts' * PERU 4, ILLINOIS 


New Books contr 


n silver oxide and chloride batt 


mercury oxide batteries and perch 
and fluoboric acid batteries 

Ot particular value to those dca 
with precise electrical measurem 
is the thorough chapter on stand 
cells (standard of emf) Am 
other aspects it gives history, a ger 
discussion, preparation, assembly 
tercomparing electromotive forces 
temperature control. 

Since 1918, George Wood V 
has been Chief of the National Bu 


of Standards’ Division of Elect: 


chemistry. For over 25 years he 


had active charge of the primar 


standard of the volt in the Un 
States. 


Strength of Wrought Steels 
At Elevated Temperatures 


R. F. MILLER and ]. J. HEGER, S 
7 Ct / i al Pu bli il , N 100 
pages, 83x11 ‘ished 4 
American Society 

rials. 1916 Race 

Pa. $3 


This book is a compilation of 


wide variety of published informat 
and presents important data ir 
graphical form. These graphs 


based on tests conducted on standard 


commercial grades of steel. Ter 


strength, creep rates and rupture pro 


erties are given 
Divided into two sections, the | 


has 52 pages covering the plain carl 


and alloy steels containing moly! 
num and up to 3 percent chrom 
The second part covers ferriti 
austenitic steels with more. that 
percent chromium, including many 
the stainless steels 

The introduction contains g 
that comparatively illustrate the 
portant properties of each of 


metals covered presented in det 


These charts are for maximum 

peratures of from 1,200 to 1,50 
For each steel given, not only is 
composition given, but the appli 

ASTM specifications are listed 

bibliography is also given from w! 
these data were obtained. 


Metals and Alloys 


Compiled bi the Technical Staff 
Metal Industry. 214 pages, 51 x 8! 
Published by Chemical Publishing 
Inc.. 26 Court St.. Brooklyn 2, N 


$5. 

This book lists alphabetically 
gives the composition of 4,600 
ferrous alloys. In tabulating 
metals, the commercial name is 
if there is none, the alloy is 
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NEW “CATERPILLAR” HEAVY-DUTY UNITS 
use 
ay Federal-Mogul Bearings and Bushings 


Now "Caterpillar" offers the heavy construction con- 
tractor two new "equipment packages" — the DW20 
Tractor and W20 Wagon for earth moving, and the 
2-wheel Diesel prime mover "Cat" DW21 with the 
No. 21 Scraper—rugged, large-capacity earth-movers 
for off-the-road work. 

The Federal-Mogul sleeve bearings and bushings used 
in these models are designed and manufactured to com- 
plement the famous heavy-duty dependability built into 
all "Caterpillar" units. 


FEDERAL-MOGUL CORPORATION, 11043 Shoemaker, Detroit 13, Michigan 


"Caterpillar" DW 20 
Tractor and W20 
Wagon at work on a 
heavy earth-moving job. 
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AMERICAN -FORT PITT 





TROUBLE-FREE 


for the Life of Your Product 


Seven new models—l to 65 amperes 
Millions of contacts assured 

Smaller in size—increased in capacity 
Positive "Make and Break" contact action 
No deterioration from inactivity 

Moisture proof if desired 
Withstands high temperatures 


MERCURY SWITCHES 


See Telephone Directory for Local distributor 
or write 
DURAKOOL, INC. * ELKHART, INDIANA 


Me > tt Ot EOE 
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der its appropriate heading, 


Brasses, Bronzes or Copper-Nik 





illoys, and then under the funct 
which it serves Alloys covered 
this list are those usually regarded 
non-ferrous which do not cont 
more than 50 percent iron. Also 
cluded are numerous European alk 
This book will be useful to those w 
require a reference which simply g 

the composition of non-ferrous alloys 
















Data on Corrosion- and 
Heat-Resistant Steels and 
Alloys—W rought and Cast 


Sponsored by ASTM Committee A-| 
on lron-Cbromium, lron-Chbromiu 

Nickel and Related Alloys. Spectai 
Technical Publication No. 52-A. 7 
pages, 6x9 in. Published by Amer; 
can Society for Testing Materials, 191 
Race Si. Philade lphia 3. Pa. $2.5 ) 











The data in this publication repr 
sent (a) an interim revision of t 
‘Tables of Chemical Compositions 
Physical and Mechanical Properties 
Wrought  Corrosion-Resisting and 
Heat-Resisting Chromium and Chr 
mium-Nickel Steels”, published | 
the ASTM in 1942, plus (b) an en 
tirely new section of le on cast iron 
chromium and iron-chromium-nickel 
alloys, not previously included in thi: 
publication. This is the first edition 
of these tables in which data for the 
cast alloys are presented along wit! 
that for the wrought materials 

The present classification provid 
data on those stainless steels that have 
received the widest commercial usage 
The data have been divided into t 
parts—Part I on Wrought Alloys, a 
Part II on Cast Alloys. Section A 
Part I covers the wrought hardenab! 
and nonhardenable ferritic straig! 
chromium steels. The ferritic 
hardenable by heat treatment ar 
dicated in the tables as martensiti 
those not hardenable as simply fer: 
tic. Section B of Part I covers t! 
wrought austenitic chromium-n 
steels. Part II covers the cast 
materials of these general composi- 
tional ranges. Section A of Part II J 
covers the corrosion-resistant alloys 
and Section B the heat-resistant alloy: 

The revision of the wrought ste 
data has been limited to bringing them 

up to date and to the inclusion o! 
certain data on recently developed 
steels not presented in the previ 
edition. The data on these new 
steels are not as complete as th: 
the old (for example, accepted 
strength curves are not available t 
the new steels), but it was though 
best to publish now such data as wer 

available of the desired caliber 
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SEYMOUR 
Nickel Silver 


ae 
i atatelettt 
TIL 

ME 
" Ma 


m Ahh tbet pIE 


- 


deep draws 


Your product may not be hollowware — but if you need an alloy of such 









extreme ductility that it flows smoothly under the die, requires a minimum of 


anneals, and finishes to a beautiful, silvery-white color, you will naturally 
be interested in Seymour Nickel Silver. 

Write us about your product, and if your present alloy is not all that it 
should be, we believe we can be of real assistance to you. Samples of sheet, 


wire or rod will be submitted to manufacturers on request, 


THE SEYMOUR MANUFACTURING COMPANY, SEYMOUR, CONN. 


SEYMOUR 
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another FIRST in 
McGILL precision bearings 


À 

YEN PRINCIPLE 
in 
roller hearing design 


Rollers connot skew. A 


guide rail integral with 


the outer race maintains 


GROOVE O \ 
ROLLER É alignment of the grooved 


ot oa i k 


The Bearing with the Self-Aligning Rollers - 


a simplified 


roller bearing construction that automatically corrects roller 


skewing — 


without space wasting cages! 


Perfect roller 


alignment with resulting superior performance is main- 
tained by this new principle of guided rollers. Even with 
reduced internal radial looseness a GUIDEROL bearing 


overcomes any tendency to bind under limited misalign- 


ment. Produced in needle and cylindrical type roller bear- 
ings. Write for information packed Bulletin today. 


UNIVERSAL MOUNTING 


Universal Mounting — 
from horizontal to ver- 
tical is possible. No 
cocking of rollers on ver- 
tical shofts becouse the 
grooved rollers are lo- 
cated by guide rail. 


t 


Write for your copy of the new 


GUIDEROL Bearing Bulletin No. 
GR-50. Address: McGill Manu- 
facturing Co., Inc., Bearing Divi- 
sion, 201 N. Lafayette Street, 


Valparaiso, Indiana 
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OPEN ENDS — SELF CLEANING 


Open Ends — Self clean- 
ing in applications per- 
mitting free circulation 
of oil or grease. Open 
faces set up flushing ac- 
tion inside the bearing. 


GREATER ANGULAR RIGIDITY 


Greater Angular Rigidity 
is provided by longer 
rollers that permit race 
and roller contact virtu- 
ally to the outside edges 
of the races. 


preceston 


en 
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than to delay the publication ma 
months until complete data could 
obtained It is expected that complet 
data for these steels will be includ 
in the next revision of the tables 
The data for the different ste 
have been condensed to the simp! 
form to provide a ready reference 
both the maker and user of the 
| 


Inspection has been. made of a lai 


sté 


amount of data, and those include 
herein provide the present represent 
tive information on the steels covere 
as obtained from boih producers ar 
consumers. Single figures rather tha 
ranges have been used to describe tl 
several properties of these stec 
These figures are representative valu 
and not minimum or average val 
except where otherwise noted in 
tables. The values in these tabl 
should not be considered as specifi 
tion figures as thess may be found 
the appropriate ASTM standards 
this class of material as referred to 
the tables. 

Data on the high-chromium and 
chromium-nicxe! valve and die steels 
have not been included since these 
steels are not used for general con 
structional purposes requiring heat and 
corrosion resistance. Data are not giver 


for the chromium-silicon valve steels 


nor the predominantly austenitic chro 
mium-nickel valve steels that contain 
12 to 14 percent chromium, 12 to 
percent nickel, several percent tung 
sten and approximately 0.40 percent 
carbon. Data are not given for the di: 
steels that contain 12 to 14 percen: 
chromium and from 1.50 to 2.50 per 
cent carbon with small percentages ot 
other elements, such as cobalt, moly 
denum, tungsten, and vanadium 


Whereas most of the cast data 


shown have been selected from 
array of information, there are some 
cases where only one source was avail 
able. Rather than leave a blank, sucl 
discrete data have been included 
the tables with an indication of thei: 
character. 

Because of the nature of cert 
alloys, ranges have been used to 
press some of the high-temperat 
properties since these values may vin 
within the normal spread of chem 
composition. 


Welding Patent Classification 


ROBERT S. GREEN, Chairman of We 
ing Engineering Dept. Published 
College of Engineering, Ohio S 
University, Columbus, Ohio. 75 ce 


The tremendous amount of dat 
the literature on patents has serio 
handicapped the organization otf 
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ELECTRUNITE TUBING | 


.. Takes it with ease 


e yet There's a mighty good reason why ELECTRUNITE Tubing stands out for 
SONA Sis... nc P Supd forming operations like these. It's Republics ELECTRUNITE Process in 


T ; 
se t aaa n 


i 





which highest quality flat rolled steel is cold formed and welded into strong, 

sound tubing. As a result every length is uniform throughout—in roundness, 

diameter, wall thickness and ductility .. . free from defect, inside and out. 

Republic ELECTRUNITE Tubing is produced in a full range of sizes, gages 

and analyses— both carbon and stainless steels. See your nearest Steel and 

Tubes Representative or write today for a free copy of booklet No. 22. 
REPUBLIC STEEL CORPORATION 


STEEL AND TUBES DIVISION e CLEVELAND 8, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 


ELECTRUNITE TUBING 





1950 
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dexing systems and cataloging sys 


` 
& 


tems. The classifications set up by tl 
U. S. Patent. Offhice are often of litt] 
help. It has been felt that specia 


Ly 
OG 


indexing files of patents in certai 
fields of engineering should be set uj 

The A. F. Davis Welding Library 
has kept a collection of patents rela: 
ing to the welding industry. The 
classification system described in this 
book is an attempt to make this col 
lection easier to use for industry and 
research, 

A numerical file of patents is kept 
on the shelves. The classification cards 
of the patents are filed in two classes, 
General Divisions and Industrial A 

— m——— s ts plications. These are divided under 
made of slip-resistant 1-W AY Safety Plate.” 4 eight and eleven subheads, respectively. 
EM ied NM : Cards in subheads are divided again 
A SONG MCA. A AERE eA into as many as 100 classes. A punched 
mom A DD EAA card system permits rapid sorting. 

: This card system permits an investi 
For greater safety under foot, gator to sort out rapidly all patents 
relating to any special phase of weld 

ing. A book list enumerates all classi 
fications and subheads for referenc 


i purposes. 


Questions and Answers In 


ZA Television Engineering 
e H CARTER V. RABINOFF and MAGDA 
LENA E. WOLBRECHT, 300 pages, 6x9 


in. Published by McGraw-Hill Boot 

Co., 330 W. 42nd St., New York 18 

N. Y. $4.50. The 100,( 
the J. I. C 
Wisconsin 
one of th« 
United St 
ciency, C: 
drives for 
made dur 
engineers 
Drives, fo 
Plant En 
proved fa: 
mechanic: 
operating 


Vw 
UA 


IN 
V4 


LAY 
HAG 


& 


in your plant and on vour products 


Here are practical, detailed answer: 
to hundreds of questions concerning 
all phases of television engineering 
It is designed to coordinate the tech 
nical facts in this rapidly expanding 
field and to provide concise study and 
reference material in all phases of tele 
vision. All the subjects have been s 
lected because of their direct applicabil 
ity to television from the standpoint o! 

Lasts Long either the transmitter or receiver. 

Typical mathematical problems ar 
included, together with Governmen 
laws, standards, and regulations. Man 
of the types of questions presented ar SMOOTH, 
similar to those in the first class radi SPEED VAI 
telephone license examinations give Morrow, ‘ 
by the Federal Communications Com fuel feed 
mission. A careful effort has be varying d. 


f ° sm 
made to follow a logical order smooth, p 
: irom zerot 


Quick Cleaning $tays Flat grouping the subjects of each sectio: line fuel fe 
of the book with reference to thes to calibrat 
Now Guillen with Mew examinations. Of special interest tion withi: 
4 i> ideas — Just Out! Bulletin the concluding section which analyz air ratio v; 
Fl. Complete engineering the functions of the components 
and application data. two standard television receivers tl EASE OF 
INLAND STEEL COMPANY, Dept. P.E. 100 Send for it! have many outstanding differences CONTROL 
38 So. Dearborn St., Chicago 3, III design and circuit principles, thus r 


Sales Offices: Chicago, Davenport, Detroit - , maxi 
Indionapolis, Kansas City, Milwaukee, New STOCKED BY LEADING STEEL WAREHOUSES flecting the technical dev elopments — 


York, St. Lovi . Paul, "s h tion to the 
PENSON modern television sets. Most of ia fuel fe 
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And Oilgear's Range and Control 
help capture savings hidden in 


J. 1. Case 100,000 Ib. Boiler Unit 


The 100,000 Ib. per hour boiler unit in 
the J. I. Case Co. tractor works at Racine, 
Wisconsin, has demonstrated that it is 
one of the highest efficiency units in the 
United States. To obtain such high effi- 
ciency, careful tests of variable speed 
drives for fuel feed and grate travel were 
made during two years. Finally, Case 
engineers selected Oilgear Fluid Power 
Drives, for, as Mr. Cole H. Morrow, Chief 
Plant Engineer says, the Oilgear units 
proved far superior to electric drives and 
mechanical transmissions under actual 
operating conditions. 


“In order to obtain 

high efficiency in any 
SPEED VARIATION boiler unit," says Mr. 
Morrow, “a very precise variable speed 
fuel feed drive is required to meet widely 
varying demand. The Oilgear Drive gives 
smooth, positive variable speed operation 
from zero to 100% of capacity with a straight 
line fuel feed characteristic. This allows us 
to calibrate the control system for opera- 
ion within amazingly close limits of fuel- 
air ratio variation. 


SMOOTH, POSITIVE 


+ 









* Also, on this type of stoker the 
grate speed must be infinitely 
variable from minimum to 
ximum yet maintained in direct propor- 
n to the rate of fuel feed. Every change 
in fuel feed requires an immediate and 


EASE OF 
CONTROL 


+ 


directly proportionate change in grate 
speed. (Such synchronization) is easily ob- 
tained with the Oilgear drive units because 
of their ease of control, and the simplicity 
and low force requirements of the control 
mechanism.” 


UNLIMITED Also, fuel feed and grate 
SPEED RANGE drives must have a range of 
speed at least equal to the 
demand range. Most drives have a range 
not exceeding 4 to one. Yet at Racine, dur- 
ing the summer, demand drops far below 
the 25,000 lb. threshold imposed by such a 
ratio. The Oilgear Drives however have no 
'ratio'"' limits, would function down to zero 
load if necessary. In fact, they give precise 
load control down to a load of 15,000 pounds 
per hour normally obtained each day dur- 
ing the summer, and down to as low as 5,000 
pph over the weekends still under full auto- 
matic control. 
OUTSTANDING ‘One of the outstanding 
features we discovered ... 
RELIABILITY was the reliability of the 
Oilgear units. The experimental installa- 
tion operated almost continuously for a year 
and a half without any difficulty. This rec- 
ord was far better than we were able to 
obtain with any other type of drive or 
transmission.” 


These four features, variability, ease of 
synchronization and control, actual range 


JIN THE 
UNITED 
STATES 


^ 


View in J. l. Case Co. tractor works at Racine, 
Wis. Boiler front and Detroit Roto-Grate 
Stoker on 100,000 Ib. per hr. boiler unit. 


Two Oilgear Variable Delivery Pumps with simple 
diaphragm actuated hydraulic servomotor lever 
controls supply fluid power for the fuel feed and 
grate drives. An Oilgear drive was experimentally 
installed on the fuel feed on the first stoker in 1948. 
On the basis of its performance, Oilgeor drives 
were used for both fuel feed and traveling grate on 
a second stoker unit installed in 1949. Also, Oil- 
gear will replace the mechanical grote drive on 
the first stoker installed in 1943. Like a shadow, 
flexible, controllable Oilgear Fluid Power causes 
fuel feed rate and grate speed to accompany steam 
demand up and down. Recording charts show 
steam demand varies "all over the place," but 
steam pressure and fuel air ratio stay steady. 





tormmienunmnÉtno 
torque up to maximum, 





whol abil lity proven over and over again, are 
indications of the many tages Oilgear 





n ons offer in machine 

design and use. Investigate - Oil lgear equ 

ment as a better solution for your p MEA 

Es OILGEAR COMPANY, 1571 West 
e Street, Milwaukee 4, Wisconsin. 


Oilgear 


PIONEERS IN FLUID POWER 
PUMPS, TRANSMISSIONS, CYLINDERS AND VALVES 








































AMERICA'S 
ONLY IMPORTED 
DRAWING 
PENCIL 


COSTS LESS 
BECAUSE IT 
LASTS LONGER! 


Everything you want 
in a drawing pencil is 
in Mars Lumograph. It 
gives you the precise 
thickness and black- 
ness of line you need 
for crisper, cleaner 
prints. 


PROVE BY TRYING— 
Accurately graded in 
19 degrees from 
EXEXB to 9H — now 
packaged in metal 
boxes. If your dealer 
cannot supply you, 
write us. 


Send coupon today 
for FREE sample. 


“I S.STAEOTLER.INEG 
b 5)-55 wORTM STRECT 


53 Worth Street" 


Name — 
Title ——— gene 
Firm—— — 
Address— 
City — gs 
Dealer's Name—— 
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answers are given in essay 
are written to be informative 
as explanatory 

An Appendix gives the 
FCC changes in standards and rule 
for commercial television in the ultra 
high-frequency channels. They are 
summarized in the Appendix under the 
following headings: Addit ional tele 
vision channels; Frequency assign 
ments in the UHF band; Metropolit an 
and community stations defined; Field 
intensities for various grades of serv- 
ice; Permissible interference ratios: 
Separation of stations in miles; Au- 
thorized effective radiated pe: ak power; 
Auxiliary stations defined; Television 
pickup station; and Frequency assign- 
ments for television auxiliary stations 


1 
propose 
| ( Pe C 


Handbook on Designing 


For Quantity Production 


HERBERT CHASE. Second Edition, 564 
pages, 6x9 in. Published by McGraw- 
Hill Book Co., 330 W. 42nd St., Neu 
York 18, N. Y. $7.50 


Herb Chase is a well-known figure 
in the technical writing field. He has 
been covering the industrial scene now 
for many more years than he cares to 
remember, and the Handbook on 
Quantity Production is a condensation 
of the wealth of information he has 
accumulated over the years on various 
production methods. This second edi- 
tion has been revamped and re-edited 
to bring it up to date in terms of mod- 
ern industrial requirements, to make it 
easier to use, and to make it more 
practical 

Part I includes specific chapters de- 
voted to the more important types of 
metal products. It covers the design 
of die-forged parts, die castings, per- 
manent-mold castings, screw-machine 
products, stampings, plastic moldings, 
and many other metal products. There 
are chapters on wire forms, permanent- 
mold castings, impact extrusions, and 
sintered powder compacts. 

Part II discusses in detail the ad- 
vantages and limitations of each of 
these methods of production, gives 
specific data on the specification of a 
product manufactured by one of the 
methods, and includes a wealth of de- 
sign data. 

While Mr. Chase is both editor 
and author of many of the 21 chapters 
in the book, he also has called upon 
specialists in industry and the educa- 
tional field to prepare several chap- 
ters. For example, Design of Sand 
Castings is authored by Norman F 
Hindle, Assistant Professor of Me- 
chanical Engineering, University of 
Idaho. The Design of Screw-machine 
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FLAT WASHERS 
> FLOCK WASHERS 
~ f ro MET 
ARMED FORCES 
SPECIFICATIONS 


a 


A 


PRODUCT 


HERE THEY ARE — 
QUICK DELIVERIES! 


You can fill your contract 
needs in flat and lock wash- 
ers at Garretts. We manu- 
facture a complete line of 
high quality washers made 
to meet the most exacting 
specifications of the Army, 
Navy and Air Force. These 
product-proved washers in- 
clude: 


AN 935 
AN 940 
AN 945 


AN 960 
AN 961 
AN 970 
AN 950 AN 975 
AN 955 NAS 143 
NAS 143C 
Ordnance BEBX1 
Ordnance BEBX2 
Ordnance BEBX3 
Ordnance BECX3 
and many others 


For high quality and quick 
deliveries on the above 
washers, send your order to 
Garretts. We can supply 
them in regular steel, spring 
steel, stainless steel, brass, 
bronze, monel metal, alumi- 
num, Alclad and copper as 
specified. We plate them 
with zinc, cadmium, nickel, 
brass, chrome . . . or they 
can be parkerized. 


Garrett, as a manufacturer, 
offers you one source and 
quick deliveries on all types 
of small parts—flat washers, 
spring lock washers, stamp- 
ings, springs, hose clamps, 
snap and retainer rings. 
Write for new folder of 
specifications for Armed 
Forces washers. 


Manvfactured by 


GEORGE K. GARRETT CO., Inc. 
Philadelphia 34, Pa. 
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WHY BOSTON'S BEST 


Boston Gear Universal Joints are engineered 
for high load carrying capacity and high static 
torque ratings. They are compact, smooth running, 
long-lived. They equal or exceed Government 
Specifications in every respect. 


YOKES (A & B) are constructed of highest quality, 
heat treated alloy steel with bearing surfaces pre- 
cision ground and O. D. ground to +.000, — .001 
for concentricity. 

BEARING PINS (C & D) are hardened and pre- 
cision ground. 


CENTER BEARING BLOCK (E) is hardened and 
precision ground. Holes intersect accurately to 
provide true bearing surfaces. 


SELF-LOCKING ASSEMBLY RING (F) of spe- 
cially selected spring steel, snap locks into recesses 
in small bearing pins and center bearing block. 


SELF-CLOSING, BALL VALVE OILER (C) 


provides an oil reservoir for safe, sure lubrication, 





TON GEAR WORKS 


— :* 71 HAYWARD ST., QUINCY 71, MASS. 
























= best in design — best in quality of 
materials and workmanship (all parts 
interchangeable) —best in performance 


— stocked in all standard diameters, solid 
and bored by eighty Boston Gear Distrib- | 
utors, one right handy to yov. 


BOSTON UNIVERSAL JOINTS, like cll of the 101 Boston 
Gear Power Transmission Products and Parts are readily avail- 
able from stock at your local Authorized Boston Gear Distrib- 
utor. Name on request. 


FOR COMPLETE INFORMATION on Boston Universal Joint 
stock sizes, HP ratings and breaking loads consult the new 












Boston Gear Catalog No. 55. Copy mailed on request. 
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Products is o-authored with Mr D H 
Montgomery, Vice President in Cl 

f Engineering, New Britain. Gridl 
Machine Company. Design of Stan 


ings is the result of work by Mr. Ralp 










solidated Vultee Aircraft Corporat: 
Design of Die Forged Parts is 
thored by Charles L. Tutt, Jr., Assis 
ant to the President, General Moto 
Institute. Hot Heading was prepar 
by Mr. Chase and A. E. R. Peterk 
of the Lamson & Sessions Compan 
and Design of Plastic Moldings 

Mr. Furholmen, formerly Chief Es: 
mating Engineer, Chicago Mold: 
Products Corporation 












For the designer who is not well 





quainted with all of the various p 





duction processes, the book is a mu 





However, since a series of books could 
be written on the subject matter co 
ered by any one of the chapters 
necessarily is general in nature 
many respects, and cannot be used 
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a reference book by a designe: 
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Particularly Inelastic Behavior of 
Useful in Engineering Materials 


"BLIND And Structures 
ALFRED M. FREUDENTHAL, P? 
SPOTS” : ol 


| of Civil Engineering, Columbia U 
Like This versity, S87 pages, 53 x 8} P 
ENGINE | lished by John Wiley and Sons, l 

MOUNT 140 Fourth Ave., New York 16, N 


87.50 























@ In concealed and hard-to-reach places With the continual struggle towa: 











like the example above, Midland Weld- more efficient machines, great strid 
ing Nuts speed assembly and help ma- have been made in the aerodynam 
terially to lower production costs. analysis of modern airplanes, as we 
Because they are self locating, Midland as in the thermodynamic analysis 
Welding Nuts assure accuracy. Collar gas turbines. By comparison, the ci 
on nut locates into pierced hole in re- cepts and methods used to proportio: 
ceiving member. No locating pins or machine parts appear crude. Cor 
fixtures are necessary. sequently, there is a need for a m 
Midland Welding Nuts may be the an- eftective approach to the study of t 





behavior of materials 

Since most of our knowledge « 
cerning the mechanical behavior o! 
engineering materials is derived fr 
PAT. NO. 2054187 large-scale observations, empirical 
terpretations are often necessary, « 


THE MIDLAND STEEL PRODUCTS CO. © partially coordinated dats. A; 


materials increase in complexity 
6660 Mt. Elliott Avenue + Detroit 11, Mich. the number of operating conditions 
the applications become more dive 
Export Department: 38 Pearl St., New York, N. Y. fied “laws” must be devised. S 
“laws”, in general, are valid only w 
in the range of observation that w 





swer to some of your production prob- 
lems. Write, wire or phone us today for 
complete information. 




















World's Largest Manufacturer of -pas ^ used in the derivation. 
AUTOMOBILE and TRUCK FRAMES. ZZ : The author has endeavored to p 
sent the development of a more ! 








Electro-Fneumotic behavior of engineering mater 
DOOR CONTROLS This can be done only with a kn 
edge of the basic concepts govern ^: 


Air and e damental approach to the mechan 





«4 Air ond Vacuum E 
POWER BRAKES .4 
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MODEL D... !/so to !/100 H. P. 


4-pole, shaded pole induction 
motor. Features include scien- 
tifically designed air intake... 
dual cooling fans . . . self-align- 
ing, oilless sleeve bearings. 





MODEL A . . 1/125 to 1/200 H.P. 


nt gr induction motor. 


Features include novel bearing con- 
struction which insures rigid and 
permanent alignment of motor shaft 
... Oilless bearings. 


P eb 
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SMALL MOTOR 
REQUIREMENTS 


Forced-Air Bathroom Heaters 
Kitchen Fans Furnace Controls 
Radio-Phonographs 


Business Machines 


WITH THESE 


Action Displays 
Sound Recorders 


CHAMPIONS 


Whatever the performance requirements, just check the 
features and specifications of these tried and proved 
General Industries Smooth Power small motors—1/70 
H. P. and under. 


Each is extremely compact... light in weight... de- 
signed and built for trouble-free long life. Their cost, 
however, is surprisingly low. All are available for either 
clockwise or counter-clockwise rotation, with additional 
design modifications available where quantities warrant 
production line changes. 


Write today for blueprints and quantity price quotations. 





MODEL C..1/250 to 1/s00 H. P. 


2-pole, shaded pole induction 
motor. Features include accurate- 
ly aligned motor shaft. . 
bearings. 


. oilless 


GENERAL INDUSTRIES Co. 


DEPARTMENT D e ELYRIA, OHIO 
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i: the formation of matter from part 
07 TOP PERFORMANCE Bi and larger structural elements a ONE 
ferent levels of aggregation [1 





: 
the deformational properties of sir 


DEPENDABLE SERVICE BB crystals are closely related to the pı 





ciples governing the formation of : 


















rystal from atoms, ions or mole 
LOW-COST Likewise, the physical propertie 4 

polycrystalline metal aggregates 
MAINTENANCE iT essentially determined by the laws « " 





formation of such materials fr 






single crystals or giant molecules 






This book has been prepared 
graduate textbook on the theory 
inelasticity which is the theory of 







general deformational behavior 






engineering materials under the act 





of force, time and temperature. TI 






are three sections: Part A dis 












the structure of matter and stri 

theories of deformetion; Part B de! 

into the mechanics of inelasti 

formation which includes plasti c 

work hardening, creed and fr 7 

Part C presents szlectel proble 

the mechanics of l beh \ 
} 1,4 mapt 







: The last part should o irti 
interest to designers, sinc: import 
information is given concerning 



















lesien of machine parts under 
ditions of p'asticity and creep | 
d C i [ 
BALL B EAR i N G U N ITS significance yf mechanical testing to 
the pro^er interpretation of the res 
discussed. in. this. section | 






! 


further study, there is a bibliogray 
the end of each chapter 








A.S.T.M. Standards on 
Rubber Products 




















Prepared by Committee D-11 on Rui ic one 
These Features Pay Off! = Ber Products. 9x6 in, 625 page : — 
Published by American Society of T: acturer 
1 PERMANENTLY SEALED! f ing Materials, 1916 Race St., Philad that wa 
Design engineers find that SealMaster Units ap ee egies conne | phia 3, Pa. $475. ioned” | 
; à : n ; , ry o i 
have all the essential bearing features which dirt or loss of grease. All the standard and tentative t erties of 
assure high-efficiency, smooth-running new 2 SELF-ALIGNING! methods and specifications pertaining to be su 
. . Bearing unit, with seals inde- to rubber products are included bodied | 
or rebuilt equipment. SEALMASTERS are pendent of housing, aligns itself r.i P asd aud 4 
i ` : : Among others, the materials and st design. 
used to improve the performance of such Without seal distortion. : ‘Giese ion -essibil 
— 3 PRE-LUBRICATED! jects covered include processibil 
diversified products as conveyors, air con- > ? JA : tests of vulcanized rubber, aging à 
| d E E à : roper amount of lubricant is : iato M nte > ion He k 
ditioning equipment, heating installations, placed in bearing chamber be- —2 pre M E M iine 
i i : fore shipment... Unit is ready automotive and acr utical rubi 
textile machinery, machine tools, farm ior kaaa aoo. hose and belting, tape, electrical p: the worl 
equipment and many other types of ma- 4 NO HOUSING WEAR! tective equipment, rubber-coated f: of 32,00 
chines and equipment. Patented locking pin and dimple rics, insulated wire and cable, h: on V-Bel 
p» prevent rotation of outer race rubber, latex foam and sponge, r ien à 
Write for free copy of SealMaster Catalog E penn za ber cements, rubber latices, packing 
in or re-iuDrication .../No Dons- s ü 301 1 acf 
No. 845. ing wear means quiet operatiom. materials, nonrigid plastics, electr: 
tests and nomenclature and definitic And 
BEARING uw DIVISION Tests are identified by a perman stopped 
ASTM designation. search E 






9 Ridgeway Avenue, Aurora, Illinois \ mrc co. y Los Angeles, Calif. è Belleville, Ontario eral methods, sampling proced 
specimen dimensions, test conditis 


Factory Representatives and Dealers number of tests, apparatus, proced 
in All Principal Cities and purposes. 


Included also, as information : 


STEPH EN S-A DAM & o N Typical tests standards include g 
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V-Belt Driven Combine .;. 
Every drive of the most advanced design 


In order to reduce the wear and tear 
of operating his combine, the manu- 
facturer wanted every moving part 
that was subject to shock to be "cush- 
ioned" by the shock-absorbing prop- 
erties of a V-belt Drive— and he wanted 
to be sure that every V-belt Drive em- 
bodied the most advanced engineering 
design. 


He knew that the Gates V-Belt testing 
laboratories are by far the largest in 
the world — that Gates runs an average 
of 32,000 hours of testing every week 
on V-Belts alone! (32,0C0 hours is equi- 
valent to five years of life for one belt.) 


And he knew that Gates hadn't 
stopped with testing — that Gates Re- 
search Engineers had actually reduced 
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the results of these tests to usable 
data for the design of every V-belt 
Drive. 


This intensively SPECIALIZED Re- 
search has naturally given Gates Engi- 
neers a most advanced knowledge of 
V-Belts and V-Belt Drive Design—and 
the benefit of this advanced knowledge 
and experience is available to you, 
right in your own plant, any time 
you want it! 


Whether you have a difficult drive to 
design— whether some V-Belt drive in 
your plant is giving trouble — or whether 
you merely want to know what size and 
construction of V-Belts will give the 
most efficient and the lowest cost serv- 
ice on a particular drive—you have 


only to phone a Gates Engineer. 





















Eng-509 


The Mark cf SPECIALIZED Research 


There is always a Gates Fie 


neer 


eld Engi- 
near you in all industrial centers. 
Just look in your phone book under 


Gates Rubber.” He will come to you 


promptly — and he will 


v 


ut at your serv- 
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ice the tuli 
, ico 
V-belt knowledge and experience 


without the slightest obligation! 
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Elapsed time intervals can be 
measured down to tooth second with a 


STANDARD PRECISION TIMER 


The world's most accurate (and rugged) time meas- 
uring instrument. Available in 8 models as shown 
below: 








READS TOTALIZES 


| sw | 1/5 sec. 6000 sec. 

se 1/5 sec. 60 min. 
a em 
m ec 


ACCURACY 












mee | em 
a oos 


MST-500 





Manually and Electrically Operated Portable Cases or Panel 
Mounting optional changes to conform to customers’ require- 
ments. 






Special Timing Problem. our engineers are ready to 


| consult with you, and design timers to meet special timing 


problems. 
OTHER PRODUCTS 


Standard Chrono-Tachometers, Custom-built Laboratory Test 
| and Distribution Panels, School Time Program Systems, Hos- 
| pital Doctor Paging and Nurse Call Systems. 


WRITE FOR BULLETIN NO. 153 


| STRNDRRD 
THE STANDARD ELECTRIC TIME CO. 


95 LOGAN STREET SPRINGFIELD, MASSACHUSETTS 
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Committee 


Papers on Industrial 


Hydraulics 

Pi ce eding rol Natio zal Ci nfere nce on 
Industrial Hydraulics, Vol. III, iy 
218 pages, 0 x 9 Published 


Resear / F undati )n of - 
d Facha logy, Teci 
16, Ill. $3 


Armou 


— 


ey Center, Chicag 


The National Conference on Indus 
trial Hydraulics has collected in this 
volume 19 papers submitted at thc 
1949 meeting. A genuine effort has 
been made to produce iliustrations and 
text that are readible and interesting 
These are no long-winded polemics, 
put out for the interest of a few people 
wrapped up in mathematical hydraul- 
ics. The meat of each paper is laid ou 
for quick appreciation by any desig: 
engineer, in or out of the dandis, 
field. 

The first papers presented deal with 
recent developments in applied hy. 
draulics. The first article covers the 
increase in hydraulic power application 
in tractor design and the systems now 
used. A power transmission system is 
next discussed in detail. An outline of 
large valves now in use, with their 
characteristics and applications, con 
cludes the section. 

A second group of papers deals with 
hydraulic components, pumps and tur 
bines, technical design data and equip 
ment standards. One article touches on 
commercial seal types, and the effect 
of operating conditions and seal m 
terial on design choice. The best app! 
cations of radial and axial fabricated 
seals are explained. Differences Ix 
tween synthetic and petroleum bas 
operating fluids are discussed by a: 
other contributor. 
and hose fire-resistance tests is pr 
sented with a complementary paper o 
the fire resistance of synthetic fluids. 


One of the most interesting topic: 


is covered in this section. A cleat 
written, mathematically logical outli: 


of electrical and hydraulic servo-motors 


concludes with an overall comparis: 
of the two power sources. This 
heavy reading, but rewarding. 

The section is rounded out w 
technical treatment of pressure tra 
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PuEXIGLAS ii 








NEW... 


16-Page Booklet 
on PLEXIGLAS 
Molding Powders 


Send for your copy 


Specially prepared for plastics molders, 
this file-size booklet summarizes the 
up-to-date information you need on 


acrylic molding powders. 


Its 16 concise, readable pages— fully 
illustrated with photographs and draw- 
ings— include a complete 2-page tabular 
digest of PLEXIGLAS physical proper- 
ties, as well as helpful pointers on the 
application of specific PLEXIGLAS 


Molding Powders to various types of jobs. 


For easier, more economical molding of 
industrial and automotive parts, signs 
and sign letters, household decorations 
and accessories—it will pay you to 
have on file this handy guide and refer- 
ence booklet. A request on your 
business letterhead will bring you 
your free copy. 


Write to Department PE 


PuEXIGLAS i5 a trade-mark, Reg. U. S. Pat. Off. and in principal foreign countries. 


CHEMICALS FOR INDUSTRY 


Canadian Distributor: 
Crystal Glass & Plastics, 


Ltd., 54 Duke Street, 
ROHM £ HAAS | iaces 
COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Representatives in principal foreign countries 
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End views of Orange 
"Staggersd' Roller 
Beering and conven- 
tienal bearing, show 
hew staggered and 
meshed roller design 
brings a multiplicity 
of contact points with- 
in the loaded zene. 


APPLICATION: main bearings for os- 


cilleting spindles in head of 5 h.p. 
Buffing and Polishing Machine. 


ROTATING SPEEDS: 1800 to 3000 


r.p.m. 


RECIPROCATING ACTION: %” stroke 
— 120 cycles per minute, taken on rollers 
of bearing. 


OTHER FACTORS: severe service; 
varying work pressures cause temporary 
unbalances and shock loads. Wheel sizes 
up to 16” dia., 4” wide, 70 Ib. weight. 


FTER trials with other types of bear- 
ings, Divine Brothers Company, Utica, 
N. Y., found Orange “Staggered” Roller 
Bearings most satisfactory in meeting the 
radial capacity and axial shaft movement 
required in this unusually. exacting appli- 
cation. All rotating and oscillating motion 
is carried on spindle and bearing rollers. 
Outer race is secured, bronze rings retain 
roller cage against oscillation, inner race is 
locked to shaft. 


Because of the unique staggered roller 
design, these Orange bearings carry 
higher loads and do the work of larger size 
conventional bearings. They are precision 
running, extremely rugged. Full range of 
interchangeable sizes, in the 200 and 300 
series, and in the 5200 and 5300 series. 
Special sizes to order. Write for Engineer- 
ing Data Folder giving complete details. 


New Books Continue: 
sient measurements and two papers o; 
the benefits and effects of the Joint 
Industry Conference Standards. Th 
standardization program is seen fron 
both sides and there is some interesting 
reading here. 

The last group of papers is or 
hydraulic applications. An outline of 
hydraulic power and its possible air 
craft propulsion uses is somewhat out 
of the field but earns its place by giy 
ing a one-syllable coverage of the 
industrial outgrowths of the A-bomb 
Hydraulic practice in mixing and ma 
chine tools is included in the sam: 
group. A water supply system and the 
hydraulic layout of a Lockheed air 
plane are interesting examples of 
applied technology. 

This volume represents a type of 
presentation that should be used more 
often. The engineering profession as a 
whole gets a look at the recent trends 
in a specialized field and a resume ot 
interesting aspects of current practice 
in that field. 


Pocket Encyclopedia of 
Atomic Energy 


FRANK GAYNOR. 6x 9 in., 204 pages 
Published by Philosophical Library, 
Inc., 15 E. 40:5 St., New York 16, 
N. Y. $7.50. 

The purpose of this book is to 
present a comprehensive collection of 
brief explanations and definitions of 
concepts and terms in the field of 
Nuclear Physics and Atomic Energy to 
the scholar, researcher, teacher, libra- 
rian, student and intelligent layman 

There are individual entries for 
every element, indicating: Chemical 
symbol, group of the periodic table, 
name of discoverer, date of discovery, 
atomic number, atomic weight, melt- 
ing point, boiling point, specific grav- 
ity, stable isotopes, radioisotopes. Brief 
descriptions of the best known types 
of nuclear reactions are given. There 
is an entry for every member of the 
known radio-active families, indicat 
ing: Symbol, atomic number, mass 
number, parent isotope, daughter iso 
tope, type of radiation and half-life 
There are a great many brief and 
concise descriptions of subjects such 
as nuclear fission, tracer technique, 
atomic bombs, the "H-bomb". 

Further: Electrical, magnetic, chem 
ical and physical units; important 
nuclear research laboratories, power 
plants and installations. Also: Thumb- 
nail biographical sketches of outstand 
ing nuclear physicists and chemists 
in itself a pocket Who's Who o! 
atomic science. In all, there are ove 
two thousand entries 
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